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blocking member disposed between the field of view and the 
detector. The blocking member has an aperture defined 
therethrough. The system further includes a mask disposed 
adjacent the detector assembly having at least one aperture 
defined therethrough. A displacement actuator moves the 
photon-blocking member relative to the detector assembly. 

102 
  



Patent Application Publication Jan. 11, 2007 Sheet 1 of 48 US 2007/0007455A1 

l 

  





Patent Application Publication Jan. 11, 2007 Sheet 3 of 48 US 2007/0007455A1 

171 171 

FIG-4 , 
173 

FIG - 5 
175 175 

FIG - 6 
77 179 179 177 

NS 

177 

FIG - 8 

    

  



Patent Application Publication Jan. 11, 2007 Sheet 4 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 5 of 48 US 2007/0007455A1 

O 
t O 

V 

y 9 

s 
y 

3. 
Y 

O 
V 

9 
S. 

C 
O 
V 

Sp 9 
L 

S 



Patent Application Publication Jan. 11, 2007 Sheet 6 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 7 of 48 US 2007/0007455A1 

S. Y-216 

5A-216 

  



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 8 of 48 

FIG - 12 

- 13 

  



Patent Application Publication Jan. 11, 2007 Sheet 9 of 48 US 2007/0007455A1 

4 I 

Parallel Hole 

Slotted Arc 

Distance from Collimator (cm) 

  

  



Patent Application Publication Jan. 11, 2007 Sheet 10 of 48 US 2007/0007455A1 

254 

252 

SN aaaaaaaaa 

2 ASSAASSSSSSSSSSSSSSSSay 

Yaaaaaaaaaaaaaaaaa. 

2. 
ZZZZZZZZZZZZZZZZZ2222a222222222 

2 
SSSSSSSSSSSSSSSSSSSSSSSSSSSS 

50 

2 

248 
246 

g 

SSSSSSSSSSSSSSSSSSSNSNYSSSN 
248 

Eaaaaaaaaaaa. 

2. 
SNSSSSSSSSSSSSSNSSaraw 

240 

  

  

  



Patent Application Publication Jan. 11, 2007 Sheet 11 of 48 US 2007/0007455A1 

242 FIG - 19 

= P - 
2SO 

E3 rerer 

ECESERA 

C f I 

II hit 
to N "N 

240 

  



Patent Application Publication Jan. 11, 2007 Sheet 12 of 48 US 2007/0007455A1 

5 

S 

  



Patent Application Publication Jan. 11, 2007 Sheet 13 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 14 of 48 

S W / 

6. 

US 2007/0007455A1 

EEEssists 

AS 
KS NSW 

SwwwNowNewswy Vy 
y/A W 

CANEA VaA 
E. W 

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Jan. 11, 2007 Sheet 15 of 48 US 2007/0007455A1 

332 328 

FIG - 25 

330 

335 

DDD 
DDDD 
DOOD 

". 
DJ 35 

350 

2D 
DO 
OD 
D. 

DDDDDD 

352 

  

    

  

  

  

  



Patent Application Publication Jan. 11, 2007 Sheet 16 of 48 US 2007/0007455A1 

W. % 
a 

FG-29A 

422 

426 FIG - 29C 

  



Patent Application Publication Jan. 11, 2007 Sheet 17 of 48 US 2007/0007455A1 

FIG - 30 so FG-31A 

N: 

444 

450 

  



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 18 of 48 

  



Patent Application Publication Jan. 11, 2007 Sheet 19 of 48 US 2007/0007455A1 

A56 

FIG - 35 

  



Patent Application Publication Jan. 11, 2007 Sheet 20 of 48 US 2007/0007455A1 

Zale 
// 

FIG-36 



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 21 of 48 

  



I 

US 2007/0007455A1 

I LH 

H ZZZZZZZZZZZZ (NNNNNNNNNNNNNNNNNNNNNNNNN NNNNNNNNNNNNNNNNNNNNNNNNNN ZZZZZZZZZZZZ 
Patent Application Publication Jan. 11, 2007 Sheet 22 of 48 

ÈRNN??SN?NNNNKN H 

I ZZZZZZZZZZZ NNNNNNNNNNNNNNNNNNNNNNNNNN 
229 029 

WNNNNNNNNNNNNNNNNNNNNNNNNNN ZZZZZZZZZZZZ 
#29 ENSEÑ??S 8£ – 5DIE 

    

  

  

  

  

  

  
  

  

  



??ŠNNSN??NNS?RNSINNÄN W. EI 

US 2007/0007455A1 

Z 

I 

I ZZZZZZZZZZZZ NNNNNNNNNNNNNNNNNNNNNNNNN 

099 

III 

HUNYIVE 

www.x.y. Swatawawww. 

Patent Application Publication Jan. 11, 2007 Sheet 23 of 48 

  

        

  

    

  

  

  



Patent Application Publication Jan. 11, 2007 Sheet 24 of 48 US 2007/0007455 A1 

G) 

FIG - 42 

9 

G) 

FIG - 43 

FIG - 44 

a NNNNNN 
POSITION ON DETECTOR ARRAY 



Patent Application Publication Jan. 11, 2007 Sheet 25 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 26 of 48 US 2007/0007455A1 

t arc sin (Yrde) - 9 

  



Patent Application Publication Jan. 11, 2007 Sheet 27 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 28 of 48 US 2007/0007455A1 

FIG - 52 

  



Patent Application Publication Jan. 11, 2007 Sheet 29 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 30 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 31 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 32 of 48 US 2007/0007455A1 

s 

  

  



Patent Application Publication Jan. 11, 2007 Sheet 33 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 34 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 35 of 48 US 2007/0007455A1 

FIG - 67 

NetS 
v. --- 

732 

746 

  



Patent Application Publication Jan. 11, 2007 Sheet 36 of 48 US 2007/0007455A1 

  



Patent Application Publication Jan. 11, 2007 Sheet 37 of 48 US 2007/0007455A1 

FIG - 71 

  



US 2007/0007455A1 2007 Sheet 38 of 48 9 Patent Application Publication Jan. 11 

FIG - 73 

39:8. 

  



atent Application Publication Jan. 11, 2007 Sheet 39 of 48 US 2007/0007455A1 

FIG - 74 

an 
  



Patent Application Publication Jan. 11, 2007 Sheet 40 of 48 US 2007/0007455A1 

S. 

  



Patent Application Publication Jan. 11, 2007 Sheet 41 of 48 US 2007/0007455A1 

S. N 
YZZZZYZZYZ 

  

    

    



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 42 of 48 

OZ60£6 

Z2777.277.2777 

ZZZZZZ 

N ` N N N 

R!!!!!!!!!!!!!!! 

ZZZZZZZZZZZZZZZ 

ZZ 

ZZ 

Nl|||||||2 
ZZZZZZZZZZ 

Z 

Z 

Ø ? Z Z Ø 

N 

  



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 43 of 48 
  



US 2007/0007455A1 

946 

Patent Application Publication Jan. 11, 2007 Sheet 44 of 48 

FIG - 80 

FIG - 81 
972 

  



US 2007/0007455A1 Patent Application Publication Jan. 11, 2007 Sheet 45 of 48 

972 

FIG - 82 

972 

  



Patent Application Publication Jan. 11, 2007 Sheet 46 of 48 US 2007/0007455A1 

N 

a / 
A 

    



Patent Application Publication Jan. 11, 2007 Sheet 47 of 48 US 2007/0007455A1 

  





US 2007/0007455A1 

SINGLE PHOTON EMISSION COMPUTED 
TOMOGRAPHY SYSTEM 

REFERENCE TO RELATED APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/872,253, filed Jun. 18, 2004, 
which claims priority to U.S. Provisional Patent Application 
Ser. No. 60/480,381, filed Jun. 20, 2003. U.S. patent appli 
cation Ser. No. 10/872,253 is a continuation-in-part of U.S. 
patent application Ser. No. 10/358,961, filed Feb. 5, 2003, 
now U.S. Pat. No. 7,015,476 which is a continuation-in-part 
of U.S. patent application Ser. No. 09/549,435, filed Apr. 14, 
2000, now U.S. Pat. No. 6.525.320, which claims priority 
from U.S. Provisional Patent Application Ser. No. 60/129, 
239, filed Apr. 14, 1999 and Ser. No. 60/151,378, filed Aug. 
30, 1999. This application also claims priority from U.S. 
Provisional Patent Application Ser. No. 60/480,381, filed 
Jun. 20, 2003, the entire content of all of which are incor 
porated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to imaging 
systems and, more specifically, to a single photon emission 
computed tomography system. 

BACKGROUND OF THE INVENTION 

0003 Medical radionuclide imaging (Nuclear Medicine) 
is a key component of modern medical practice. This 
methodology involves the administration, typically by injec 
tion, of tracer amounts of a radioactive Substance, which 
Subsequently localizes in the body in a manner dependent on 
the physiologic function of the organ system being studied. 
The radiotracer emissions, most commonly gamma photons, 
are imaged with a detector outside the body, creating a map 
of the radiotracer distribution within the body. When inter 
preted by an appropriately trained physician, these images 
provide information of great value in the clinical diagnosis 
and treatment of disease. Typical applications of this tech 
nology include detection of coronary artery disease (thal 
lium scanning) and detection of cancerous involvement of 
bones (bone scanning). The overwhelming bulk of clinical 
radionuclide imaging is performed using gamma emitting 
radiotracers and detectors known as 'gamma cameras”. 
0004 Gamma cameras typically consist of a large scin 

tillation crystal (e.g. sodium iodide) having the property of 
emitting light when struck by gamma photons. Affixed to the 
rear of this crystal are multiple photomultiplier tubes with 
associated circuitry to detect the light flashes and to locate 
their position within the scintillation crystal. In front of the 
crystal is a collimator, typically consisting of several milli 
meters of lead with multiple holes penetrating it. The 
collimator serves to absorb all incoming photons except 
those approaching the crystal generally from the appropriate 
direction. The crystal, photomultiplier tubes and associated 
circuitry are typically enclosed in a large lead case that 
serves to shield the detector from unwanted external radia 
tion. The entire apparatus is mounted on a gantry with a 
motorized apparatus for positioning the detector near the 
patient. 

0005. A gamma camera provides a two-dimensional 
image of radiotracer distribution. However, the distribution 
of radiotracers within the body is typically three-dimen 
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sional. The technique of single photon emission tomography 
(SPECT) is used to create three-dimensional, tomographic 
images similar to a “radionuclide CT scan by using com 
puter processing to “reconstruct the three-dimensional 
tracer distribution from a series of two-dimensional gamma 
camera images obtained from multiple angles around the 
patient. This is almost universally accomplished by mount 
ing one or more gamma cameras to a motorized gantry and 
orbiting them around the patient. The data thus acquired is 
then processed to yield the three-dimensional images. 

0006. The three-dimensional SPECT images have been 
demonstrated to provide higher image contrast and to reduce 
apparent overlap of body structures. SPECT imaging is now 
considered to be the state-of-the-art in radionuclide imaging 
of the heart and now accounts for more than half of all 
cardiac nuclear imaging performed in the United States. 
0007. Despite its many advantages, SPECT imaging is 
not yet available to all patients who might benefit from it. 
Current SPECT instrumentation has a number of disadvan 
tages which have impeded its wider implementation. 
0008 Current SPECT systems are bulky, typically requir 
ing a large, dedicated room to house them. The collimating 
systems are relatively inefficient, blocking a high percentage 
of emitted radiation. Thus, most new clinical systems simul 
taneously utilize two or more gamma camera detectors 
mounted on a single gantry. Since each detector typically 
weighs several hundred pounds, the Supporting gantry must 
be large and heavy. Most SPECT installations require spe 
cially constructed rooms with added floor reinforcement. 
Since accurate image reconstruction requires precise detec 
tor placement, SPECT systems require heavy positioning 
systems consisting of motors and gearing capable of moving 
and positioning hundreds of pounds of apparatus to a 
precision of approximately a millimeter. These systems are 
necessarily large, heavy and expensive. 

0009. Although there is great medical need to image 
patients in a variety of settings, including doctors offices, 
emergency rooms and intensive care units, the great size and 
bulk of current SPECT systems has required them to be in 
a fixed location, typically a hospital Radiology or Nuclear 
Medicine department. There are significant medical and 
patient convenience advantages to having cardiac SPECT 
imaging performed in the immediate presence of the attend 
ing Cardiologist. Many studies have shown that the cost of 
care delivered in an outpatient office setting is less than that 
of a hospital setting. Despite these compelling factors, the 
size and cost constraints of current systems have greatly 
limited their penetration into the community and have 
particularly limited their availability in physicians offices. 
In addition, the large space requirements of current systems 
have imposed significant costs on hospitals providing 
SPECT services. 

0010 Current SPECT systems have additional limita 
tions. As the gamma cameras orbit around the patient, large 
multi-conductor cables are required to carry power and data 
to and from each detector. These cables are repeatedly flexed 
during system operation and are a frequent cause of equip 
ment breakdown. 

0011. The large and heavy nature of existing systems has 
dictated a mechanical gantry design that is highly stable, yet 
cost effective. This has resulted in systems in which the 
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patient must lie in a Supine (flat on the back) position on a 
narrow platform that extends into a vertically oriented 
gantry. In order to permit the detectors to be as close as 
possible to the chest and to enable the large, moving 
detectors to safely pass around the patient, current systems 
require the patient to maintain one or both arms in an 
uncomfortable position held over the head. This is painful 
for most patients and impossible for some. In addition, the 
Supine position is uncomfortable for many patients, particu 
larly for those with back problems. Many patients feel 
claustrophobic when inside the equipment. The narrow 
platform required to permit camera rotation around the 
patient is uncomfortable for large individuals and is often 
perceived as insecure or precarious by those undergoing 
scans. Also, the fact that the patient is partially enclosed by 
the equipment during imaging may serve to limit physician 
or nursing access to critically ill patients. 

SUMMARY OF THE INVENTION 

0012. The present invention provides a plurality of imag 
ing systems and components therefor. According to one 
embodiment, a single photon emission computed tomogra 
phy system includes the detector assembly adjacent a field of 
view. The detector assembly includes a photon-responsive 
detector operable to detect if a photon strikes the detector. 
The detector assembly is operable to detect photons emitted 
from the field of view. A collimating assembly includes at 
least two spaced apart collimating Vanes of photon-attenu 
ating material. Each of the vanes is disposed between the 
detector assembly and the field of view. A photon-blocking 
member is disposed between the field of view and the 
detector. The blocking member has an aperture defined 
therethrough for passage of photons aligned with the aper 
ture. A line of response is defined from the detector assembly 
through the aperture. A mask is disposed adjacent to the 
detector assembly and between the detector assembly and 
the field of view. The mask has at least one aperture defined 
therethrough for passages of photons aligned with the aper 
ture. A displacement actuator moves the photon-blocking 
member relative to the detector assembly such that the 
aperture is displaced relative to the detector assembly and 
the line of response is Swept across at least a portion of the 
field of view. Alongitudinal axis may be defined through the 
field of view. In some embodiments, the photon-blocking 
member is a ring of photon attenuating material generally 
coaxial with the longitudinal axis and disposed in an imag 
ing plane. The aperture defined in the photon-blocking 
member comprises a plurality of spaced-apart aperture slots 
defined through the ring of photon attenuating material. The 
aperture slots may be generally parallel to the longitudinal 
axis and perpendicular to the imaging plane. In some 
embodiments, the photon-blocking member is disposed 
between the collimating assembly and the field of view. 
0013 In some embodiments, the mask is a ring of photon 
attenuating material generally coaxial with the longitudinal 
axis and disposed in an imaging plane. The aperture defined 
in the mask comprises a plurality of spaced-apart aperture 
slots defined through the ring of photon attenuating material. 
The aperture slots may be parallel to the longitudinal axis 
and perpendicular to the imaging plane. 
0014. In some embodiments, the collimating vanes are 
each generally ring shaped and disposed in a plane perpen 
dicular to the longitudinal axis. Each vane has a depth 
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extending radially from a front edge to a rear edge in the 
plane and a thickness perpendicular to the plane. The depth 
of each vane is greater than the thickness. The collimating 
assembly may be constructed Such that radiolucent material 
is disposed in the spaces between the Vanes. 
0015. In certain embodiments, the collimating assembly 
includes only vanes that are generally parallel to each other 
and generally perpendicular to the longitudinal axis. 
0016. In some embodiments of the present invention, the 
detector assembly is generally ring shaped and coaxial with 
the longitudinal axis. The detector assembly may be a ring 
of Scintillation material with an outwardly adjacent ring of 
photodetectors. Alternatively, the detector assembly may be 
a plurality of Solid-state photon detectors disposed generally 
in a ring. 
0017. In further embodiments, the detector assembly, the 
collimating assembly, the photon-blocking member and the 
mask are each generally arcuate members extending 
between a pair of spaced-apart ends. The arcuate members 
may extend over an arc between 180 and 360 degrees. 
0018. In another alternative embodiment, the photon 
blocking member and the mask are each generally flat 
members. 

0019. In some embodiments, the longitudinal axis is 
generally vertical and the system according to the present 
invention is disposed generally in a horizontal imaging 
plane. 
0020. The collimating assembly may be constructed of a 
stack of alternating sheets of photon-blocking material and 
sheets of radiolucent material, the sheets of photo-blocking 
material defining the collimating Vanes. 
0021. In some embodiments, the system further includes 
a chair-like base having a generally horizontal bottom por 
tion for Supporting a patient’s hips and a generally vertical 
back portion for Supporting the patient's back. The detector 
assembly, the collimating assembly, the photon-blocking 
member and the mask may be generally ring-shaped mem 
bers that are disposed such that the field of view is posi 
tioned to receive the patients head when the patient is seated 
in the chair-like base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1A is a perspective view of a preferred 
embodiment of the present invention optimized for cardiac 
SPECT, showing the overall configuration of the system and 
the positioning of the patient; 

0023 FIG. 1B is an additional perspective view of the 
embodiment of FIG. 1A: 

0024 FIG. 2 is a perspective view of one embodiment of 
an individual detector module for detecting photons during 
SPECT imaging: 
0025 FIG. 3 is a perspective view of an aperture arc for 
an embodiment of the present invention that is optimized for 
cardiac SPECT, with a single radiation detection module 
shown behind the arc to demonstrate relative positioning; 
0026 FIG. 4 is a cross-sectional detailed view of a small 
portion of an aperture arc, showing details of one embodi 
ment of an aperture edge treatment; 
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0027 FIG. 5 is a cross-section detailed view similar to 
FIG. 4, showing an alternative embodiment of an edge 
detail; 
0028 FIG. 6 is a detailed view similar to FIGS. 4 and 5, 
showing yet another alternative embodiment of an edge 
detail; 
0029 FIG. 7 is a cross-section detail of a portion of an 
aperture arc, including adjustable end pieces for providing 
an aperture with an adjustable width: 
0030 FIG. 8 is a perspective view of a portion of an 
aperture arc and one adjustable end piece; 
0031 FIG. 9A is a diagrammatic top view showing the 
relative positions of the slotted aperture arc, the arc of 
detectors and the patient field-of-view: 
0032 FIG.9B is a diagrammatic top view showing how 
lines of response of the individual detectors provide multiple 
angular projections through the body; 
0033 FIG. 10A is a top schematic view of a single 
detector module and a small section of the aperture arc at a 
first rotational position of the aperture arc: 
0034 FIG. 10B is a view similar to FIG. 10A but with the 
aperture arc at a second position; 
0035 FIG. 10C is a view similar to FIGS. 10A and 10B 
but with the aperture arc at a third position; 
0036 FIGS. 11A-F are a series of diagrammatic top 
views of the present invention; 
0037 FIG. 12 is a partially transparent perspective view 
of an alternative embodiment of an imaging section for the 
present invention, including aperture arcs and collimator 
Vanes that are angled; 
0038 FIG. 13 is a perspective view of a cross-plane 
(longitudinal) collimation assembly showing its relationship 
to the detector modules; 
0039 FIG. 14 is a view similar to FIG. 13 but including 
the aperture arc and showing the lines of response from one 
detector module; 
0040 FIG. 15 is a plot showing the in-plane spatial 
resolution at different depths using the present invention 
versus a traditional “high resolution' parallel-hole collima 
tor; 

0041 FIG. 16 is a cross-sectional view of a portion of a 
parallel vane collimator according to the present invention; 
0.042 FIG. 17 is a perspective view of the support assem 
bly for one embodiment of an imaging arc according to the 
present invention; 
0.043 FIG. 18 is a perspective view of a support assembly 
similar to FIG. 17, with additional tension members; 
0044 FIG. 19 is a cross-sectional view of a portion of a 
parallel vane collimator and a sensor assembly according to 
the present invention, showing the relative depth of the 
collimator Vanes; 

0045 FIG. 20A is a cross-sectional top view of one 
embodiment of a moveable aperture arc extension Vane; 
0046 FIG. 20B is a view similar to FIG. 20A with the 
Vane shown at a different position; 

Jan. 11, 2007 

0047 FIG. 21 is a perspective view of a portion of a 
lower Support member and a portion of an aperture arc 
according to one embodiment of the present invention; 
0048 FIG. 22 is a rear perspective view of a sensor 
assembly for use with the present invention; 
0049 FIG. 23 is a front perspective view of the sensor 
assembly of FIG. 22: 

0050 FIG. 23 is a side elevational view the sensor 
assembly of FIGS. 22-23: 
0051 FIG. 25 is a cross-sectional detailed view of a 
portion of a sensor module; 
0.052 FIG. 26 is a front view of an embodiment of a 
sensor module; 

0053 FIG. 27 is a view of a pair of sensor arrays as 
viewed through the collimator assembly: 
0054 FIG. 28 is a perspective view of a portion of one 
embodiment of a scintillator-based cylindrical detector mod 
ule: 

0.055 FIG. 29A is a perspective view of another embodi 
ment of a detector module using a rectangular bar-shaped 
piece of Scintillation material; 
0056 FIG. 29B is a side elevational view of the module 
of FIG. 29A with photo detectors at the top and bottom; 
0057 FIG. 29C is a view similar to FIG. 29B but with the 
photo detectors positioned at the rear face of the scintillation 
material; 

0.058 FIG. 30 is a perspective view of a detector module 
with a block of scintillation material with a trapezoidal cross 
section; 

0059 FIG. 31A is a perspective view of a masked detec 
tor configuration based on a rectangular shaped piece of 
Scintilation material; 

0060 FIG. 31B is a perspective view of a masked detec 
tor configuration based on a cylindrical shaped piece of 
Scintilation material; 

0061 FIG. 31C is a perspective view of a masked detec 
tor configuration based on a piece of Scintillation material 
with a trapezoidal cross section; 
0062 FIG. 32 is a perspective view showing construction 
details of a bar-shaped, masked detector module similar to 
FIG. 31A, but with photo-detectors placed along its rear 
face; 
0063 FIG. 33 is a diagrammatic representation of the 
directions of concurrent detector and aperture arc motion for 
one embodiment of the invention; 

0064 FIG. 34 is a perspective view of a two-dimensional 
Scintillator based detector having masking strips according 
to the present invention; 
0065 FIG. 35 is a perspective view of a portion of an 
aperture arc with a calibration module disposed by the 
aperture; 

0066 FIG. 36 is a top diagrammatic view of yet another 
embodiment of the present invention, which makes use of 
two-dimensional detectors and linear blocking members; 
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0067 FIG. 37 is a perspective view of an imaging arc: 
0068 FIG. 38 is a cross-sectional view of one embodi 
ment of an imaging are according to the present invention; 

0069 FIG. 39 is a cross-sectional of another embodiment 
of an imaging arc according to the present invention; 

0070 FIG. 40 is a cross-sectional view of yet another 
embodiment of an imaging arc according to the present 
invention; 

0071 FIG. 41 is a schematic view of a patient field of 
view along with a traditional gamma camera shown in two 
different positions; 
0072 FIG. 42 is a sinogram representing data received by 
a traditional gamma camera; 
0.073 FIG. 43 is another sinogram representing data for 
a traditional gamma camera under a different set of condi 
tions; 

0074 FIG. 44 is a sinogram representing data from an 
imaging system according to the present invention; 

0075 FIG. 45 is a schematic similar to FIG. 41 showing 
the equivalent aperture arc and detector arc positions for the 
present invention; 
0.076 FIGS. 46 and 47 are schematics showing the geom 
etry necessary for conversion of positions of the aperture arc 
and detector arc for use with traditional two-dimensional 
data processing: 

0.077 FIG. 48 is a top view of a portion of an aperture arc 
with one embodiment of a radioactive calibration source and 
holder; 

0078 FIG. 49 is a perspective view of the outer shell or 
holder portion of a calibration source: 
0079 FIG.50 is a perspective view of the holder of FIG. 
49 with a photon blocking shield added: 
0080 FIG. 51 is a perspective view similar to FIGS. 49 
and 50 with the addition of radiation source retainers; 

0081 FIG. 52 is a perspective view similar to FIGS. 
49-51 with a cylindrical radiation source added; 
0082 FIG. 53 is a perspective view of the calibration 
source of FIG. 52 attached to a portion of an aperture arc: 
0083 FIG. 54 is a perspective view of one side of a 
portion of an aperture arc showing receivers for receiving 
the calibration source; 

0084 FIG.55 is a perspective view similar to FIG. 54 
illustrating the calibration Source being inserted into the 
holders; 

0085 FIG. 56 is a perspective view of an alternative 
embodiment of a calibration source holder; 

0.086 FIG. 57 is a perspective exploded view of the 
holder of FIG. 56; 

0087 FIG. 58 is a perspective view of a calibration 
source for use with a holder of FIGS. 56 and 57; 

0088 FIG. 59 is an exploded view of the calibration 
source of FIG. 58: 
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0089 FIG. 60 is a perspective view of the holder of FIGS. 
56 and 57 with the calibration source of FIGS. 58 and 59 
received therein; 

0090 FIG. 61 is a perspective view of the source and 
holder of FIG. 60 showing the opposite side; 
0091 FIG. 62 is a perspective view of an upper and lower 
Support member forming part of an imaging arc along with 
the holder and source of FIGS. 60 and 61; 

0092 FIG. 63 is a perspective view similar to FIG. 62 
with the addition of a portion of an aperture arc added: 
0093 FIG. 64 is a perspective view similar to FIG. 63 
with a portion of the upper Support member cut away; 

0094 FIG. 65 is a detailed perspective view of a bottom 
part of the aperture arc and source holder of FIG. 64; 
0.095 FIG. 66 is a perspective view of the calibration 
source and holder with the calibration source partially 
inserted; 

0.096 FIG. 67 is a side view of the source and holder of 
FIG. 66 with the source partially inserted; 
0097 FIG. 68 is a side view similar to FIG. 67 with the 
source fully inserted; 
0.098 FIG. 69 is an additional perspective view of the 
Source and holder from the opposite side as compared to 
FIG. 66, with the source partially inserted; 
0099 FIG. 70 is a perspective view similar to FIG. 69 
with the source shown fully inserted; 
0100 FIG. 71 is a top view of the calibration source 
holder of FIG. 70 with exemplary dimensions indicated 
thereon; 

0101 FIG. 72 is a top view of a calibration source: 
0102 FIG. 73 is a top view of a calibration source storage 
container with a plurality of calibration Sources disposed 
therein; 

0.103 FIG. 74 is a perspective view of a curved crystal 
used in Some embodiments of the present invention; 
0104 FIG. 75 is a perspective view of the crystal of FIG. 
74 backed by a plurality of photo tubes; 
0105 FIG. 76 is a perspective view of a brain imaging 
version of the present invention; 
0106 FIG. 77 is a perspective view, with partial cut 
aways, showing an embodiment of an imaging ring includ 
ing a mask ring: 

0.107 FIG. 78 is a cross-sectional view of the imaging 
ring of FIG. 77 taken along lines A-A; 

0.108 FIG. 79 is a cross-sectional view of the imaging 
ring of FIG. 77 taken along lines B-B; 

0109 FIG. 80 is a detailed view of a portion of an 
imaging ring or arc illustrating the difficulty in distinguish 
ing between closely spaced lines of response; 

0110 FIG. 81 is a detailed view similar to FIG. 80, but 
further including a mask ring or arc and illustrating the 
potential improved resolution; 
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0111 FIG. 82 is a detailed view similar to FIG. 81 with 
the mask ring or arc moved a short distance, counterclock 
wise; 
0112 FIG. 83 is a detailed view similar to FIG. 81 with 
the aperture arc or ring rotated a short distance counter 
clockwise; 
0113 FIG. 84 is a perspective view of a flat or planar 
version of an imaging device according to the present 
invention; 
0114 FIG. 85 is a perspective view of an arcuate version 
of an imaging device according to the present invention; and 
0115 FIG. 86 is a perspective view, partially cut away, of 
an alternative version of an imaging ring according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0116. Throughout this description, the preferred embodi 
ment and examples shown should be considered as exem 
plars rather than as limitations on the present invention. 
I. General Overview 

0117. One aspect of the present invention comprises a 
system for performing single photon emission computed 
tomography (SPECT). This system includes a radiation 
detector assembly consisting of a multiplicity of radiation 
detector modules preferably positioned around an arc, typi 
cally over 180 to 360 degrees. In-plane (axial) collimation is 
provided by a movable arc or ring extending over an angular 
range similar to that of the radiation detector assembly 
(typically 180-360 degrees). Cross-plane (longitudinal) col 
limation is provided by a plurality of vanes or sheets of 
photon-attenuating material held in a stationary position and 
oriented parallel to the transaxial plane (perpendicular to the 
longitudinal axis). Optionally, these vanes may be separated 
by sheets of a radiolucent spacer material Such as Styro 
foam R) or other plastic. Some embodiments of the present 
invention also include a patient chair or Support structure. 
II. Discussion of Chair, Arc Configuration, and Patient 
Positioning 

0118 FIGS. 1A and 1B illustrate a preferred embodiment 
of the present invention optimized for cardiac SPECT, 
showing the overall configuration of the system 100 and the 
positioning of the patient 102. The opening 104 for patient 
entry and egress is shown. The imaging section 106 of the 
system extends as an arc over the right side of the patients 
chest. The imaging section consists of a lead shielded 
housing with internal components as described below. The 
imaging section is supported by a stand 108 affixed to a base 
110. Together, the rear portion of the imaging section and the 
stand form the “back of the patient support. The patient is 
seated upon an adjustable seat 112. The vertical height of 
this seat may be adjusted so as to position the patient's heart 
within the appropriate portion of the imaging device. Such 
adjustment may be performed by means of electrical motors, 
hydraulic devices or other means. The seat is optionally 
adjustable so as to Swivel horizontally, thus easing patient 
entry and egress from the seated position. The stand and base 
may also include or Support the electronics necessary for 
processing scans, as well as any necessary controls or 
displays. 
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0119) As shown, unlike in the prior art systems, the 
patient is seated generally upright so that their torso is 
generally vertical. The lighter weight, simpler design, and 
reduced bulk of the present system cooperate to allow this 
positioning. For definitional purposes, the area Surrounded 
by the imaging section 106 will be referred to as a field of 
view. Also for definitional purposes, it may be said that a 
longitudinal axis, generally aligned with the longitudinal 
axis of the patients torso, extends through the field of view. 
It may be said that the longitudinal axis is generally vertical 
to distinguish the positioning of the present system from the 
typical systems where the patient is forced into a horizontal 
position. In actuality, the generally vertical longitudinal axis 
may be reclined somewhat, as shown, to increase patient 
comfort. 

0.120. As will be clear to those of skill in the art, it is very 
important to image the appropriate portion of the human 
patient, in order to acquire data about the portion of the 
patient that is of particular interest. For example, the pre 
ferred embodiment of the present invention is designed to 
image the patient’s heart. Therefore, it is important that the 
portion or slice being imaged includes the patient's heart. 
However, the exact position of the patient’s heart within 
their chest is not always easily determined from an external 
exam. In prior art systems, the patient is positioned in front 
of the detector(s) while the operator views a low-resolution, 
two-dimensional display known as a persistence-scope 
(p-scope). The persistencescope image is necessarily of low 
quality due to its need to be continually updated as the 
patient is repositioned and due to the two-dimensional 
nature of its images. Operator error in patient positioning is 
not uncommon and, when it occurs, results in a useless scan. 
According to another aspect of the present invention, a 
cardiac scan may be preceded by a “quick scan of the 
patient’s chest so as to properly locate the heart so as to 
adjust the position of the chair so that the heart is properly 
positioned for imaging by the imaging section 106. 

0121 The “quick scan” is possible with the present 
invention for several reasons, which will become clear after 
reviewing the entirety of this specification. Systems of the 
present art must partially orbit the patient in order to acquire 
three-dimensional imaging. Movement of the large, heavy 
(typically 450-500 pound) detectors must be started and 
stopped within seconds if rapid three-dimensional position 
ing images are to be obtained. This is both mechanically 
difficult and may present a hazard to the patient from the 
rapid movement of large and heavy detectors. The present 
invention requires the movement of only an aperture are to 
image the portion of the patient in the field of view of the 
imaging section 106. The aperture arc is preferably hidden 
from the patient inside a housing, and can be moved much 
more quickly and safely than can prior art gamma camera. 
Also, a full scan requires the arc to move only a short 
distance, unlike a gamma camera where the camera has to 
move a long distance. In addition, the present invention 
acquires image data more quickly than prior art devices. 
Therefore, a fast, low count, three-dimensional image may 
be acquired by quickly moving the aperture arc within the 
housing. This low count image may be reconstructed almost 
instantly with state-of-the-art computers and displayed 
immediately as slices, or preferably, as rotating Surface 
rendered or maximum-intensity-projection images. Such 
Volume-rendered images clearly reveal the underlying 
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patient anatomy and may be used to reliably determine the 
position of the heart prior to the start of routine, high count 
imaging. 
0122) In embodiments of the present invention wherein 
the seat 112 is adjustable upwardly and downwardly, the 
chair position may be optionally adjusted between two 
image acquisitions so as to adjust the positions of the slices 
being imaged. In some embodiments, the movement may be 
very slight, so as to compensate for effects of the collima 
tors, which are discussed in more detail hereinbelow. The 
chair position may also be adjusted upwardly or down 
wardly during an image acquisition. 
0123. As known to those of skill in the art, patient 
movement during imaging is a significant problem for most 
imaging systems. Most systems require the patient to lie on 
a narrow horizontal Surface, in a rather uncomfortable 
Supine or prone position. This position is often uncomfort 
able for patients with back problems or for the many cardiac 
patients that have difficulty breathing when lying flat. Often, 
this results in patient movement during the scan. In order to 
accommodate the moving detectors of current art systems, 
the patient must hold their arms over their head for the 
duration of the imaging procedure. This is quite uncomfort 
able for many patients, particularly those with arthritic 
shoulders. Many patients experience fear or claustrophobia 
when lying under the large, metal detectors of current 
devices. Patients who are uncomfortable or fearful typically 
adjust their position in an attempt to become more comfort 
able. Such movement, when it occurs during an image 
acquisition, causes image artifacts, which may cause incor 
rect findings and Subsequent treatment. The problem is 
exacerbated by long scan times. The vertical positioning of 
a patient enabled by the present invention, as illustrated in 
FIGS. 1A and 1B, significantly improves patient comfort 
and stability. It is much more comfortable for back and 
cardiac patients. The arms do not need to be held over the 
head. The open design of the present invention eliminates 
claustrophobia. Consequently, patient comfort and security 
is increased and movement is reduced. Also, Some embodi 
ments of the present invention allow significantly reduced 
scan times, thereby reducing the effects of patient motion. 
III. General Discussion of 1-Dimensional Solid State Detec 
tor Modules (Strips) 
0124 FIG. 2 shows one embodiment of an individual 
detector module 150. Multiple (typically 64) individual 
modules are arranged in an arc Surrounding the patient. The 
arc may extend over a range of approximately 180 to 360 
degrees. For cardiac SPECT, a preferred embodiment is 
approximately 180 degrees. The embodiment shown is a 
Solid-state detector module sized for cardiac imaging. Other 
detector module embodiments are discussed below. As 
shown, the detector module 150 is an elongated strip. 
Rectangular regions on the face of detector indicate an array 
of individual solid-state detector elements 152, each com 
prising one pixel for data acquisition. In this embodiment, 
the array of detector elements is one-dimensional, i.e. lxN, 
although two-dimensional arrays may also be employed. 
Multiconductor ribbon cable 154 carries electrical signals 
from the detector elements to the electronics that process the 
signals. Alternatively, some of the processing circuitry may 
be integral with or packaged by the detector elements. 
0125 Each detector element 152 is operable to detect if 
a photon strikes it. Therefore, the overall detector 150 is 
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operable to detect if a photon strikes and is also operable to 
determine where along its length the photon struck. Each 
detector element includes some semiconductor material, 
Such as cadmium-zinc-telluride, with an electrode applied to 
opposing Surfaces. An electrical potential is applied across 
the electrodes. As will be clear to those of skill in the ant, 
when a photon passes through the front electrode and 
interacts with the semiconductor material, a small current 
travels between the electrodes. This current is measured to 
sense the impact of photons. 
0.126 While the present invention is initially described as 
using the above-described detector elements, other embodi 
ments of the present invention make use of other detector 
designs, as will be described in more detail herein below. 
IV. Aperture Arc—General Discussion 
0127 FIG. 3 shows the aperture arc 170 for an embodi 
ment of the present invention optimized for cardiac SPECT. 
A single radiation detector module 172 is shown behind the 
arc to demonstrate relative positioning. As shown, the detec 
tor module is generally parallel to the longitudinal axis. The 
arc 170 serves as a photon-blocking member and may be 
made of lead or a similar high attenuation material. The arc 
170 is of sufficient height to cover the radiation detection 
modules 172 situated behind it. The arc is of sufficient 
thickness (typically approximately 3 mm) so as to effect 
essentially complete absorption of photons emitted by the 
patient. The arc is penetrated by a series of vertical aperture 
slots 174 which permit photons 176 aligned with the aper 
ture slot to pass from the patient through the slot to reach the 
detector modules. The slots are preferably generally parallel 
to the longitudinal axis of the patient. 

0128. In FIG. 3, the arc 170 is shown as a continuous 
member with generally rectangularly shaped slots cut there 
through. In some embodiments, the slots are cut straight 
through, and have sides that are parallel to one another. 
Alternatively, the slots may be cut with angled sides such as 
shown in FIGS. 4-6. Each of these Figures illustrates a 
cross-section of the slot taken generally perpendicular to the 
slot. FIG. 4 illustrates an embodiment wherein the are 170 
has tapered ends 171. The arc 170 may be said to have a pair 
of opposing surfaces. The tapered points 171 taper from 
each of these opposing Surfaces to a point at approximately 
the center plane of the arc. For simplicity, FIGS. 4-6 
illustrate a portion of the arc as being generally linear. 
However, as previously discussed, it is actually arcuate. 
0129. Preferably, the arc 170 blocks substantially all of 
the photons except those that pass through the slot 174. A 
certain thickness of photon blocking material. Such as lead, 
is required to adequately block these photons. The tapered 
points 171 are thinner than the remainder of the arc. There 
fore, it is preferred that they are formed out of a material that 
has even higher photon blocking ability, such as tungsten or 
gold, but could be lead. These tapered points 171 are joined 
to the material that typically forms the remainder of the arc 
170. Alternatively, the arc, including the edges, could be all 
one material, such as lead. FIGS. 5 and 6 illustrate alterna 
tive embodiments of tapered points 173 and 175. In these 
embodiment, the edges of the slots taper either from the 
front to the back or from the back to the front. As with the 
embodiment of FIG. 4, the points are preferably formed out 
of a material with a higher photon blocking ability than the 
remainder of the arce. The pointed edges of the slot are 
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preferred, as they provide a more consistent apparent edge 
of the slot, independent of the angle from which it is viewed. 
That is, a slot with Squared-off edges may appear Substan 
tially narrower when viewed from an angle. By tapering the 
edges of the slot, the slot has a more consistent effective 
width when viewed at a shallow or deeper angle. This is 
especially important in the design of the present invention 
since radiation may enter the aperture at a significant angle. 
Alternatively, the “points' may be rounded. 

0130. In some embodiments of the present invention, it is 
preferred to have slots with adjustable widths. This allows 
adjustment in the sensitivity and resolution of the imaging 
system. It may also assist in calibration. FIGS. 7 and 8 
illustrate one approach to providing slots with adjustable 
widths. FIG. 7 illustrates a cross-section of a portion of an 
arc 177 with adjustable slot defining pieces 179 attached 
thereto. FIG. 8 shows a perspective view of one portion of 
an arc 177 with one adjustable piece 179. By adjusting the 
positions of the pieces 179 relative to the remainder of the 
arc 177, the relative position and width of the slot 178 may 
be adjusted. As with the embodiments of FIGS. 4-6, the 
thinner portions of the end pieces 179 are preferably formed 
from a material with a higher photon blocking capability 
than the remainder of the arc 177. The end pieces 179 are 
illustrated as having a front-to-back taper, but may have any 
of the shapes illustrated in FIGS. 4-6, or may provide a more 
squared-off or rounded-off edge to the slot. Also, the end 
pieces 179 are not required to be symmetrical. Additionally, 
a single adjustable piece may be provided for each slot, with 
the other side of the slot being defined by a non-moveable 
edge. As will be clear to those of skill in the art, the 
interconnection between the end pieces 179 and the arc 177 
may be provided in a variety of ways, other than the 
approach illustrates. Adjustment of the slot width may also 
be achieved in other ways, as will be clear to those of skill 
in the art. 

V. Field of View 

0131 FIG. 9A diagrams (from above) the relative posi 
tions of the patient field-of-view area 180, the aperture arc 
182 and the detector modules 184. It may be seen that the set 
of detector modules and the aperture arc are situated con 
centrically around the patient One embodiment for cardiac 
imaging includes approximately 64 radiation detector mod 
ules 184, each consisting of an array of individual elements 
or pixels. In this embodiment, the aperture arc 182 is 
positioned at a radius, a, of approximately 30 cm and the 
detector modules 184 are positioned at a radius, b, of 
approximately 40 cm. A patient field-of-view area with a 
diameter, c, of approximately 50 cm fits easily within the arc 
182. The aperture arc 182 and/or the set of detector modules 
184 may be arranged in a true geometric arc with common 
arc centers at the longitudinal axis. Alternatively, either or 
both may be more ovalized or be arcuate with non-shared arc 
centers. For example, the arc centers may be positioned 
away from the longitudinal axis So as to increase the arc 
radii. It is also possible for the arc 182 and/or the set of 
modules 184 to be non-arcuate. For example, either could be 
arranged as a series of short straight segments, or be partially 
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arcuate and partially non-arcuate. Another example would 
be if either had different arc radii at different radial positions 
so that the radius of curvature changes along the “arc”. 

0132) Displacement means is provided for moving the 
aperture arc 182 relative to the detectors 184. As will be 
clear to those of skill in the art, many different approaches 
may be used to move the aperture arc. For example, the 
aperture arc 182 may be connected by a worm gear or other 
arrangement to a motor Such that it can be rotated through 
a limited angle about the longitudinal patient axis. As will be 
clear to those of skill in the art, the arc may remain stationary 
with only the detectors moving. However, this approach is 
generally more complicated and costly. For purposes of 
processing the information from the Scan, means are also 
provided for accurately determining the position of the arc. 
As will be clear to those of skill in the art, many approaches 
to providing this means are available, including optical 
encoders and mechanical sensors. The sensing means may 
also be used for feedback control of the displacement means. 
A more detailed discussion of one approach to moving an 
aperture arc will be provided hereinbelow. 

VI. Discussion of Sweep due to Aperture Arc Movement 

0.133 FIGS. 10A-C show overhead views of a single 
detector 190 and a small section 192 of the aperture arc. The 
Figures illustrate the relative position of the arc 192 and the 
detector 190 at three different rotational positions of the 
aperture arc 192. At each position, the position of the 
aperture slot 194 restricts the line of response of the detector 
to a particular path 196, as shown. It can be seen that, as the 
aperture slot 194 moves in front of the detector 190, the line 
of sight of the detector fans across the patient, generating a 
multiplicity of lines of response or projections. 

0.134 Since, as diagrammed in FIG. 9A, there are a 
multiplicity of detector modules 184 and, as shown in FIG. 
3, a multiplicity of aperture slots 174, a multiplicity of 
detector lines of response are formed at each rotational 
position of the aperture arc. FIG. 9B illustrates a small 
subset of the lines of response 200 obtained from a few of 
the detectors 202 as the aperture arc 204 is rotated. The 
aperture slots themselves are not shown in this Figure, for 
simplicity. A diagrammatic "slice'206 through the patients 
chest is shown, indicating that a fill set of projections of the 
heart, Sufficient for tomographic reconstruction, is obtained 
in this manner. 

0.135 The aperture arc preferably moves continuously, 
such that the lines of response “sweep' over the field of 
view. Alternatively, the aperture arc may move in discrete 
steps, with imaging occurring with the arc stopped at each 
of the steps. 

VII. Each Detector Illuminated By Only a Single Aperture 
Slot 

0.136 All detectors preferably “look through' only one 
slot at all times. Slot spacing is determined such that each 
detector is illuminated by only one slot at a time. Overall 
photon detection efficiency is proportional to the number of 
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slots in the aperture arcs. The maximum number of slots 
permissible, n is a function of the angle (p, represent 
ing the maximum angel of incidence of a usable ray at an 
aperture slot, the radius of the detector arc and the minimum 
length of arc on the aperture arc Such that a 

arcs 

fishots F 6Af2 Ro -l Ro 
S. (S)-sin (...) 

given length of arc 0A on the aperture arc Such that a given 
detector will only see the patient field-of-view through one 
slot at a time (OA): 
where R is the radius of the patient, RA is the radius of the 
aperture arc and R is the radius of the detector arc. The 
aperture arc need only be rotated by the interval between 
slots, pa?ni, to provide a fill set of angular projections. 

0137 For one embodiment of the present invention, the 
radius of the patient R is assumed to be a maximum of 22 
cm, the radius of the aperture arc RA, is 30 cm and the radius 
of the detector arc, R is 45 cm. The detector arc and 
aperture arc span an angle, p, of 180 degrees and the 
minimum length of the arc, 0A, is 36 degrees. For these 
values, the equation provides that five slots are the maxi 
mum number of slots to avoid any detector looking through 
more than one slot at a time. Consequently, the aperture arc 
need only rotate through an angle of 36 degrees to provide 
a full set of angular projections. 

0138. The above equation and solution assumes that the 
slots are equally spaced along the arc, and separated by an 
angle of 36 degrees. As will be clear to those of skill in the 
art, the critical issue is actually the angular separation 
between the slots, which determines the number of slots. 
Referring again to FIG. 3, the arc is shown with five slots, 
one which is hidden in the bend, due to the angle of view in 
the Figure. 

0139 While the above equation and discussion leads to 
the conclusion that 5 slots are needed, with a separation of 
36 degrees between the slots, the addition of a 6" slot is 
beneficial. FIG. 11A diagrammatically illustrates the present 
invention with a plurality of detectors 195 disposed in an 
arc, an aperture arc 196 with five apertures 197, and a field 
of view 198. The arc 196 is shown at the extreme clockwise 
position. Assuming photons of interest may originate from 
anywhere in the field of view, projection rays are drawn to 
show how the field of view is “projected onto the arc of 
detectors 196. As shown, some photons are projected to a 
position clockwise of the last detector, and therefore do not 
contribute to the image. Likewise, a number of the detectors 
at the counterclockwise end are “out of view” of the aperture 
at the counterclockwise end of the aperture arc 196, and are 
therefore unexposed with the arc in this position. Unexposed 
detectors represent a less-than-optimal system efficiency. 

0140 FIG. 11B illustrates the aperture arc at the midpoint 
of its travel. As shown, at this position, the projections 
through all apertures 197 coincide with the positions of the 
detectors 195, so that no photons are wasted and no detectors 
are unexposed. 
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0141 FIG. 11C illustrates the aperture arc 196 at the 
extreme counterclockwise position. In this position, detec 
tors at the clockwise end of the detector assembly are 
unexposed, and some photons passing through the apertures 
at the counterclockwise end go undetected. 
0142. One solution to this problem is to provide a larger 
number of detectors. However, this increases the size of the 
imaging section, and dramatically increases the cost of the 
device. A preferred solution is illustrated in FIG. 11D. The 
aperture arc 212 now has 6 slots 214 projecting photons onto 
the detectors 216, from the field of view 218. The spacing 
between these slots is unchanged, however, from that deter 
mined by the equation above (36 degrees in this example). 
FIG. 11D illustrates the arc 212 at the extreme clockwise 
position. As shown, all detectors are illuminated due to the 
addition of the sixth slot. FIG. 11E illustrates the arc 212 at 
the midrange of travel, and FIG. 11F illustrates the arc at the 
extreme counterclockwise position. Again, all detectors 216 
are illuminated at all positions, thereby increasing photon 
collection efficiency. The addition of the “extra slot, results 
in a perfect match of incoming photons to the length of the 
arc of detectors. In this arrangement, all detectors are 
illuminated via the aperture slots at all times, thereby 
optimizing photon detection efficiency. 
VIII. Diagonal Apertures 

0.143 Referring again to FIG. 3, the slots 174 are shown 
as generally vertical slots. That is, they are parallel to the 
longitudinal axis of the field of the view. According to 
further aspects of the present invention, the slots may be 
diagonal as shown in FIG. 12. FIG. 12 illustrates an assem 
bly including an aperture arc 207 with diagonal apertures 
208 defined therethrough. The diagonal apertures are illus 
trated as being defined by adjustable side pieces 209, but 
may alternatively be provided by slots cut into the arc 207. 
Also, as with the earlier embodiments of slots, the slot edges 
may be tapered in a variety of ways, including any of the 
previously disclosed shapes. As will be clear to those of skill 
in the art, multiple apertures are preferred, arranged in 
intervals along the arc 207. Only two apertures 208 are 
illustrated in FIG. 12, for simplicity. However, additional 
apertures are preferred. FIG. 12 illustrates additional aspects 
of the present invention, which will be discussed hereinbe 
low with respect to collimator design. The angled slots or 
apertures 208 may be provided at a variety of angles ranging 
from slightly angled from “vertical.” to nearly horizontal. As 
a further alternative, the slots may be completely “horizon 
tal' with respect to the patient axis. The apertures may also 
be angled in the opposite direction to the angle illustrated in 
FIG. 12. 

0144. In embodiments of the present invention where the 
apertures are “vertical and the collimators are horizontal, or 
vice versa, the resolution is different in the vertical and 
horizontal directions. According to one preferred embodi 
ment of the present inventions, the apertures are angled at 
approximately 45 degrees one direction, and the collimators 
are angled at approximately 45 degrees the other direction. 
By angling the apertures and the collimators relative to the 
transaxial imaging plane, the overall resolution experienced 
at the imaging plane is made essentially isotropic, i.e. similar 
in all directions. This is desirable in some applications, 
particularly if the reconstructed date is to be reformatted 
along obliquely angled planes. 
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IX. Collimators 

0145 Referring again to FIGS. 3 and 11A-F, the aperture 
are and the set of detectors provide projection data colli 
mated within the transaxial plane, but not collimated longi 
tudinally. For this reason, the invention preferably provides 
a set of longitudinal or cross-plane collimators, as shown in 
FIG. 13. As will be clear to those of skill in the art, the 
collimator design illustrated in FIG. 13 is designed for use 
with the “vertical” aperture arc, such as shown in FIG. 3. 
The longitudinal collimators consist of a stack-like series of 
arc-shaped vanes 220 arranged as shown and located con 
centrically to the arc arrangement of detectors 222 as shown. 
The aperture arc is omitted from this figure, but is located 
concentrically to the longitudinal collimator Vanes. The 
vanes are preferably mutually parallel and generally perpen 
dicular to the longitudinal axis of the patient. The Vanes are 
sheets or panels of lead or similar attenuating material and 
may be separated by spacers of radiolucent plastic foam or 
similar material (not shown). The number, size, and thick 
ness of the vanes may be varied depending on the applica 
tion. 

0146 FIG. 14 is similar to FIG. 13 but with the addition 
of the aperture arc 230. It may be seen that each individual 
detector element pixel) of each detector 232 has a unique 
line-of-response 234 directed into the patient field-of-view 
by the combined collimating effects of the aperture arc slots 
236 and the longitudinal collimating vanes 238. 

0147 As will be appreciated by those of skill in the art, 
it is preferred that the vanes 220 be provided in a plane that 
is generally perpendicular to the apertures in the aperture 
arc. In the embodiment of FIGS. 13 and 14, collimators 
vanes may be considered to be "horizontal.' since they are 
perpendicular to the “vertical patient axis. Referring again 
to FIG. 12, it can be seen that the collimators 210 are angled 
so as to be generally perpendicular to the angled aperture. 
Only five collimating vanes 210 are illustrated in FIG. 12, in 
order to avoid cluttering the drawing. However, it will be 
appreciated that the vanes are provided along the entire 
assembly, as indicated by the arrows. If the apertures are 
angled at other angles, the vanes 210 may also be angled so 
as to remain perpendicular thereto. Alternatively, the colli 
mator vanes 210 and apertures 208 may be at angles to one 
another other than perpendicular. 

X. Resolution and Efficiency 

0148. The in-plane resolution of a system according to 
the present invention is determined by the radii of the 
detector and aperture arcs, R and RA, the distance, Dist, of 
the object from the aperture arc, and the widths of the slots 
and the detector elements, W. and We respectively: slot 

DistX (Wstor + Wet) resolution & W. + 
slot (RD +RA) 

0149 FIG. 15 plots the resolution at different depths 
(distance from the collimator to the point of interest in the 
patient) of the present invention versus a traditional parallel 
hole collimator. The slotted arc system is assumed to have a 
slot width of 2.4 mm, a detector width of 4 mm and other 
parameters as discussed with respect to FIG. 4. The parallel 
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hole collimator for which data is plotted has a hole diameter 
of 2.2 mm and a collimator thickness of 3 cm. 

0150. The detection efficiency of the slotted aperture 
system is proportional to the detector solid angle, S2, for a 
point source at the center of the field-of-view and may be 
calculated based on Rogers (EEE TIMI, Vol. MI-1, pp. 
63-68, 1982) as: where r and r are the full-width-half 
maximum object and detector resolution respectively, p is 
the detector packing fraction and f is the fraction of frontal 
area closed by the longitudinal collimating Vanes. In the 
configuration of this invention, f=vane thickness/vane sepa 
ration. 

0151. As the aperture arc moves to differing positions 
relative to the detectors, the apparent width of the aperture 
slots will vary as a function of the sine of the angle between 
the slot and the detector. Since the apparent width of the 
detector as viewed from the slot also changes according to 
a similar function, the overall detection efficiency will vary 
as a function of the square of the sine of the detector-slot 
angle. The exact function will depend on the photon cross 
section of the detector element (a function of detector 
thickness) and on the photon cross-section of the slot 
aperture. This variation of detector sensitivity with slot 
position is easily mapped for a given detector and may be 
corrected for in software in a manner similar to the detector 
uniformity corrections routinely performed in traditional 
gamma cameras. 

0152. It is to be noted that imaging systems constructed 
according to the methods of this disclosure are relatively 
insensitive to the structured image artifacts seen in rotating 
gamma camera SPECT systems when non-uniformities of 
detector sensitivity exist. In the systems described here, the 
reduced count sensitivity caused by a particular, relatively 
insensitive, detector element is spread across the entire 
image plane, rather than appearing as the structured “ring 
or “arc” artifacts seen in traditional systems. Such artifacts 
frequently trouble present artifact systems. 

1 1 
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XI. Collimator Construction 

0153. As will be appreciated by those of skill in the art, 
the construction of lead collimators presents significant 
challenges. Lead has a very high density, but is not particu 
larly stiff or strong. Therefore, vanes of lead are heavy and 
vulnerable to damage. In traditional parallel hole collima 
tors, the vanes are made very thin and define a plurality of 
small parallel holes. The depth of the holes in the collimators 
is somewhat limited by the strength and stiffness of the lead 
material. That is, if a collimator is to be constructed that has 
more than a particular depth, the thin lead Vanes may 
actually sag over time, destroying the usefulness of the 
collimator. Similar considerations apply to the present 
invention. The collimating vanes, such as 220 in FIG. 13 and 
210 in FIG. 12 are large and heavy, thereby presenting 
challenges to how to adequately support the individual 
vanes. Additionally, it is important that the individual Vanes 
be accurately positioned and aligned. 
0154) A further inventive aspect of the present invention 
is a design providing a collimator with parallel lead Vanes 
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that are supported by being formed in a stack with sheets of 
radiolucent material disposed between each lead vane. FIG. 
16 illustrates a portion of a parallel vane collimator con 
structed according to this aspect of the present invention. 
FIG. 16 also illustrates a portion of a support assembly, 
including a lower Support member 240 and an upper Support 
member 242. 

0155 FIG. 17 shows the lower support member 240 and 
upper Support member 242 in their entirety, according to one 
embodiment of the present invention. However, FIG. 17 
does not illustrate the collimation assembly inside of the 
support assembly. Referring to FIG. 17, the lower support 
member 240 and upper support member 242 form part of a 
Support assembly 244. This support assembly 244 forms part 
of the imaging arc 106, as shown in FIGS. 1A and 1B. It 
wraps about the patient field of view, illustrated at 245 in 
FIG. 17. When assembled, the imaging arc includes the 
Support assembly 244, the parallel vane collimating assem 
bly Supported therein, single or multiple detectors, and the 
aperture arc. It is also preferably clad in a housing so as to 
protect the internal workings, and provide an aesthetically 
pleasing exterior appearance. One end of the Support assem 
bly 244 is interconnected with the chair base 108 for 
Supporting the imaging arc. This may be accomplished in a 
variety of ways. Alternatively, an additional Support may be 
provided mid-arc. 
0156 Referring again to FIG. 16, a portion of the parallel 
Vane collimating assembly is shown at 246. The collimating 
assembly includes sheets or panels of lead 248 with sheets 
or panels of radiolucent material 250 separating the lead 
sheets 248. The collimator assembly may be formed by 
stacking a lead sheet, and then a radiolucent sheet, and then 
repeating the process until a Sufficiently tall stack is formed, 
as shown. The radiolucent material maintains the relative 
positioning of the lead sheets, and prevents any sagging or 
movement of the lead sheets. Preferably, a compression 
panel or upper support plate 252 is provided on top of the 
stack of lead sheets and radiolucent material, and below the 
upper Support member 242. Biasing devices, such as 
threaded member 254 are then provided to press down 
wardly on the compression panel 252. This compresses and 
stabilizes the stack 246. Preferably, a thicker lead sheet, or 
other photon blocking material 253 is provided at the top and 
bottom of the stack, to block photons from entering the top 
or bottom of the collimator assembly. 
0157. As will be clear to those of skill in the art, a 
modified version of this assembly procedure may be used to 
construct a collimator assembly such as shown in FIG. 12. 
According to a further aspect of the present invention, a 
related approach may be used to form parallel hole colli 
mators. That is, a parallel hole collimator may be formed 
using radiolucent material filling the holes in the parallel 
hole collimator, to thereby support the collimator vanes. 
Parallel hole collimators are often damaged in use, because 
of the fragility of the lead septae between the holes. Accord 
ing to the present invention, the holes of the collimator may 
be filled with a radiolucent material as it is constructed. This 
turns the parallel hole collimator into substantially a solid 
block, which is more resistant to damage. Also, this allows 
deeper and/or thinner Vanes to be formed and Supported than 
would otherwise be practical. 
0158 Referring again to FIG. 17, an alternative approach 
to forming a parallel vane collimator assembly according to 
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the present invention may be provided by allowing the upper 
and lower support members 240 and 242 to be tensioned 
against each other, such as by tensioning members 256. That 
is, the alternating Stack of lead panels and radiolucent panels 
may be placed on the lower support member 240, covered by 
upper Support member 242, and compressed using compres 
sion or tension members 256. Those of skill in the art will 
appreciate that the parallel vane collimator according to the 
present invention is very heavy, and therefore the cantile 
vered arc support assembly bears a substantial load. FIG. 18 
illustrates that the Support assembly may include a plurality 
of angled tension members 258, either angled to the left as 
shown, or angled to the right, or both. The tension members 
act like bicycle spokes in providing structure and Support. 
They also allow a substantially open back to the arc for 
access to the electronics and for cooling. 
0159 FIG. 19 provides a cross-sectional view of a por 
tion of the imaging section of the present invention. It 
illustrates the lower support member 240, the upper support 
member 242 and the lead sheets 248 positioned therebe 
tween. The radiolucent material is not illustrated in this 
view. However, an electronics package or detector array for 
detecting incoming photons is illustrated generally at 260. 
This detector array will be discussed in more detail herein 
below. 

0.160 The design of the present invention provides 
advantages heretofore unavailable with respect to collimator 
design. Traditionally, collimator designers have limited the 
depth to width ratio of the collimator holes. That is, the holes 
defined by the collimator may be considered to have a 
front-to-back depth and a side-to-side or top-to-bottom 
width. (In a parallel hole collimator, a side-to-side and 
top-to-bottom widths are typically the same. In the present 
invention, the "side-to-side width' is a function of the size 
of the aperture in the aperture arc, while the top-to-bottom 
width is a function of the spacing between the parallel 
vanes.) In the prior art, a depth-to-width ratio of less than 
10:1 has been considered optimal. In fact, the literature has 
stated that a 10:1 ratio is almost equivalent to an infinitely 
large ratio. In other words, excepted theory has taught 
against depth-to-width ratios over 10:1. Additionally, prior 
art designs for collimators have made it extraordinarily 
difficult to create a depth-to-width ratio that is very large. 
Deep collimators suffer from structural integrity issues. To 
get a high depth-to-width ratio in prior art designs requires 
Vanes that are too thin and tall to be self Supporting. So, 
practicality also taught away from high depth-to-width 
ratios. 

0.161 The present invention departs dramatically from 
the prior art approach. In one embodiment of the present 
invention, the lead sheets have a thickness of approximately 
2 mm, as indicated at A in FIG. 16. The radiolucent sheets 
have a thickness of approximately 4.5 mm. Therefore, the 
'gap' between adjacent lead sheets is approximately 4.5 
mm. In this same embodiment, the front-to-back depth of the 
lead vanes 248, as shown at C in FIG. 19, is approximately 
150 mm. In this embodiment, the depth-to-width ratio is 
greater than 33:1. In a more preferred embodiment of the 
present invention, the lead vanes have a thickness of 
approximately 1.25 mm. However, the gap remains the same 
at approximately 4.5 mm. Therefore, the depth-to-width 
ratio remains the same. According to the present invention, 
depth-to-width ratios greater than the prior art maximum of 



US 2007/0007455A1 

10:1 are preferred. Depth-to-width ratios greater than 20:1 
are more preferred. Depth-to-width ratios over 30:1 are even 
more preferred. 
0162 According to the present invention, it is also pre 
ferred that the thickness of the lead vanes be greater than 0.5 
mm. A thickness of greater than 0.75 mm is more preferred, 
a thickness of 1 mm or more is even more preferred, and a 
thickness of at least 1.25 mm is most preferred. These 
thicknesses also depart dramatically from the prior art. Prior 
art high resolution parallel hole collimators typically have 
lead vanes with a thickness of 0.2 mm or less, and significant 
effort has been expended to obtain thinner and thinner lead 
WaleS. 

0163 The use of substantially greater depth-to-width 
ratios than used in the prior art, as well as the use of 
Substantially thicker lead Vanes, provides significant advan 
tages that have not been recognized or appreciated in the 
prior art. 
0164. In SPECT imaging, it is important to accurately 
determine the direction from which a photon is traveling, the 
energy level of the photon, and the number of photons 
coming from that direction. These photons have Sufficient 
energy to penetrate lead if it is not sufficiently thick. In prior 
art parallel hole collimators, the thin lead vanes are typically 
too thin to stop many of the photons from passing there 
through. Therefore, a photon that Strikes a particular area 
cannot be assumed to have traveled straight down the hole 
adjacent that area. Instead, the photon may have originated 
in a different hole and penetrated the lead vane in between 
the adjacent hole and the hole in which it is sensed. 
Consequently, accuracy is sacrificed. This contributes to blur 
in the resulting image. The depth-to-width ratio of the holes 
in the collimator also has an effect on the resolution of the 
imaging device. If a collimator hole is short and wide, a 
photon may enter that hole at an angle significantly off from 
the axis of the hole. If the hole is deeper and narrower, the 
range of angles of incoming photons that travel just down 
that hole is much narrower. 

0165. In the present invention, the use of substantially 
thicker vanes and the use of a collimator with a very high 
depth-to-width ratio, both lead to substantially increased 
accuracy or resolution. Because the Vanes are thick and the 
depth is very high, any photon that reaches the sensor at the 
back of the collimator can be assumed to have passed 
through the aperture in the aperture arc and between the 
adjacent lead Vanes. In other words, each photon "count' is 
a good count. 

0166 The prior art also tends towards the use of much 
Smaller gaps than in the present invention. Experimentation 
with the present invention has shown that larger gaps, on the 
order of 4 or 4.5 mm, along with thicker lead vanes lead to 
higher efficiency and resolution. As a further aspect of the 
present invention, the use of gaps greater than 2 mm is 
preferred, with gaps greater than 3 mm being more pre 
ferred, and gaps of 4 or more mm being most preferred. 
0167 Referring again to FIG. 19, the sensor array 260 is 
positioned adjacent the back of the collimating assembly. In 
Some embodiments, the individual sensors are positioned 
immediately adjacent the rearmost end of the Vanes, while in 
other embodiments the sensors are spaced from the back of 
the Vanes by a short distance. Increasing the gap between the 
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back of the vanes 248 and the sensors reduces some of the 
effective dark area caused by the photons that are blocked by 
the Vanes. In one preferred embodiment, the sensors are 
spaced from the back of the vanes by 2 to 3 mm. 
XII. Extension Flaps 

0.168. As shown in FIGS. 1 and 4, for an embodiment 
optimized for cardiac imaging, the use of an arc shaped 
imaging apparatus allows the patient to easily enter and 
leave the imaging system. As the aperture arc rotates how 
ever, it will extend slightly into the open area of the arc. The 
invention therefore optionally provides for pivoted Exten 
sion Flaps to be located at one or both ends of the aperture 
arc, as shown in FIGS. 20A and 20B. This figure shows one 
end of the aperture are 300 that includes an extension vane 
302 extending its length. FIG. 20A shows the aperture arc 
300 and vane 302 at one extreme of the arc's movement and 
FIG. 20B shows them at the other extreme. Extension vane 
302 is movably attached to the aperture arc by hinge 304. 
Pivot rod 306 is located in the path of the vane such that, as 
the extension Vane is pushed against it by the movement of 
the aperture arc, the extension Vane is caused to pivot away 
from the patient as shown in FIG. 20B. This minimizes the 
extension of the arc or vane into the opening while main 
taining shielding of the detectors from unwanted external 
radiation. 

0.169 Referring now to FIG. 21, one preferred construc 
tion of the aperture arc is illustrated. The aperture arc is 
shown at 310, being supported on the support member 240, 
which forms the bottom part of the support structure of the 
imaging arc. In this embodiment, the aperture are 310 is 
formed from individual arcuate panels 312 that are posi 
tioned adjacent one another so as to provide an aperture 314 
therebetween. The width of the aperture 314 may be deter 
mined by the relative positioning of the panels 312. The 
aperture arc 310 is supported in a track in the support 
member 240 and moved by a drive motor 316, which drives 
a series of belts and pulleys. 
XIII. Detector Variations 

0170 Turning now to detector or sensor designs, a vari 
ety of approaches may be used with the present invention. 
FIGS. 2 and 3 illustrate strip detectors that may be consid 
ered one-dimensional linear arrays. Two-dimensional arrays 
are also provided in this invention. Such arrays may be 
provided as integral units or may be approximated by 
placing two or more one-dimensional arrays in close proX 
imity. The overall sensitivity of the imaging system is 
linearly proportional to the detector surface area available. 
0171 Referring to FIGS. 22-24, three views of a pre 
ferred embodiment of a sensor assembly for use with the 
present invention is generally shown at 320. As best shown 
in FIG. 23, the assembly 320 includes three two-dimensional 
sensor arrays 322, 324, and 326. Each sensor array, in turn, 
is formed of a series of sensor modules, such as 328 in FIG. 
24. The sensor modules are solid state CZT (Cadmium Zinc 
Telluride), or alternatively, Cadmium Telluride may also be 
used. FIG. 25 illustrates a cross-sectional view of one of the 
sensor modules 328. The module has a central body of CZT 
330 with multiple small, thin, square electrodes 332 on the 
front face. A larger electrode is provided on the back surface, 
and a chip for processing data signals from the sensor is 
provided on the back at 336. Photons strike the front surface 
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of the sensor module 328 and are sensed by the module. FIG. 
26 illustrates an alternative embodiment wherein a chip 338 
is only half covered by sensing materials 340. FIG. 26 also 
illustrates the configuration of the electrodes 342 on the face 
of the module. 

0172 FIGS. 22 and 24 illustrate cooling manifolds 346 
for the sensing assemblies. 
0173 As known to those of skill in the art, solid state 
photon sensors are difficult to produce without internal 
flaws. Referring to FIG. 25, the body of CZT material 330 
is a crystal that may develop flaws during creation or 
manufacturing. If the body 330 does not have flaws, a 
photon passing through the front face and into the CZT body 
330 enables the presence of this photon to be sensed by the 
electrodes 332 and 334. As shown in FIG. 26, the electrodes 
342 define a two-dimensional grid. Consequently, the loca 
tion of the photon strike may be determined by determining 
which electrode senses the presence of the photon. If the 
CZT is flawed, it may have dead spots, where a photon strike 
is not sensed. Typically, electrodes on the front of the CZT 
body are sized and spaced so that one electrode is respon 
sible for sensing one “pixel of information. Typically, a 
pixel size is chosen and equal to the desired resolution of the 
sensing system. In cardiac sensing, it is preferred to have 
resolution of approximately 4 to 4.5 mm. Therefore, the 
electrodes would typically be arranged on 4-5 mm centers 
such that one electrode is responsible for each “pixel. If the 
CZT has a flaw, the flaw may cause a dead pixel, which can 
seriously affect image quality. 
0174 According to a further aspect of the present inven 
tion, the desired resolution, in this case, 4 to 4.5 mm, is 
Subdivided into Smaller segments and Smaller electrodes are 
used. In FIG. 26, box 350 represents an area that is approxi 
mately 4 to 5 mm wide and tall. However, rather than having 
a single electrode in this area, this “macro pixel’ is subdi 
vided into four pixels, each with its own electrode 352. If the 
CZT underlying the macro pixel 350 has a flaw, the flaw will 
typically lead to only a single bad pixel associated with one 
of the electrodes 352. For example, one of the four elec 
trodes may be associated with a portion of the CZT that has 
no sensitivity, reduced sensitivity, or, in rare cases, increased 
sensitivity. The sensor module can then be calibrated, and 
the data from the four electrodes 352 processed so as to 
provide meaningful data from the macro pixel 350. For 
example, if one electrode is associated with a pixel that is 
dead, the output from the remaining three pixels may be 
combined, and multiplied by 3/4 to obtain an output for the 
macro pixel 350. In this way, a sensor module with a CZT 
body with some flaws is still useable. In the module of FIG. 
26, the electrodes 352 preferably have a side-to-side and 
top-to-bottom dimension of approximately 2.46 mm, and 
spacing between adjacent electrodes of approximately 0.04 
mm. In another preferred embodiment, especially optimized 
for cardiac use, the electrode-to-electrode pitch is approxi 
mately 2.25 mm. Referring again to FIG. 19, the sensor 
assembly 260 is shown adjacent the rear of the lead vanes 
248. FIG. 27 illustrates a view of the sensor arrays 360 as 
viewed through the vanes 362. In some embodiments, the 
pitch between the vanes 362 is not evenly divisible by the 
pitch between the electrodes 364. For example, in one 
embodiment, the pitch between the vanes 362 is approxi 
mately 6.5 mm, while the pitch between the electrodes 364 
is approximately 2.5 mm. In order to avoid more patterns 
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due to the alignment between the Vanes and the pixels, it is 
desirable that the number of pixels in each gap between the 
Vanes is approximately the same. Because the vane pitch is 
not a multiple of the pixel or electrode pitch in this embodi 
ment, the sensor arrays 360 are arranged such that they are 
centered on the middle vane 366. As shown in FIG. 27, this 
arrangement prevents an electrode, and hence a pixel, from 
lying directly behind one of the vanes 362. 

0.175. This invention also provides for radiation detectors 
constructed from Scintillation materials such as sodium 
iodide or cesium iodide with associated photomultiplier 
tubes or other photo-detectors such as solid state photo 
diodes. FIG. 28 shows one embodiment of a scintillation 
based detector module 400. This embodiment includes a 
cylindrical crystal 402 of scintillation material clad in a 
radiolucent, light-reflective covering 404 Such as aluminum. 
The covering 404 is open at both ends of the cylinder. 
Affixed to each end, via optical coupling material, is a light 
detector such as a photomultiplier tube, photodiode, or other 
photo-detector (not shown). The position of scintillation 
events occurring within the Scintillation material is deter 
mined by the ratio of outputs of the two photo-detectors, 
thus providing longitudinal position sensing within the 
detector. This embodiment is extremely inexpensive to pro 
duce, but has the disadvantage of a variable photon detection 
efficiency across its horizontal dimension caused by the 
varying Scintillator thickness over its circular cross-section. 
This causes a deviation of the detector's response function 
from a pure rect function, thus slightly degrading spatial 
resolution. 

0176 FIGS. 29A-C show more efficient embodiments of 
a scintillator-based detector, consisting of a rectangular bar 
420 of scintillator material clad in a radiolucent, light 
reflective material 422 such as aluminum. In FIG. 29B, the 
cladding is open at the top and bottom so as to permit 
placement of photo detectors 424. In the alternative embodi 
ment shown in FIG. 29C, the cladding is open at the rear of 
the module so that two or more photo-detectors 426 can be 
affixed. In either case, the photo-detectors are considered to 
be adjacent the ends of the scintillation material so that they 
can locate the position of a Scintillation event. 

0177 FIG. 30 shows a piece of scintillator material 430 
with a trapezoidal cross section clad in reflecting material 
432, similar to the previous Figures. As with the embodi 
ments of FIGS. 29A-C, the photo-detectors may be affixed 
on either the top and bottom of the module or at the rear face. 
The embodiment with the trapezoidal cross section has the 
advantage of presenting a more uniform cross-section to 
incoming radiation, but is more costly to manufacture. That 
is, radiation coming at an angle to the front face still 
encounters the full depth of the scintillator material. 
0.178 Axial resolution of the tomography system is 
directly dependent on detector width, as described above. 
Specifically, narrower detectors increase the axial resolution 
of the system. As detector width narrows, however, photon 
detection efficiency drops because photons striking the front 
face of the narrow detector may scatter out of the detector 
material before they have deposited all of their energy. 
According to the present invention, the efficiency of a high 
resolution elongated Strip of Scintillation material may be 
improved by masking a portion of its front face. FIG. 31A 
shows a detector configuration 440 based on a rectangular 
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piece of scintillation material. FIG. 31B shows a detector 
configuration 442 based on a cylindrical piece of Scintilla 
tion material. FIG. 31C shows a detector configuration 44 
based on a piece of Scintillation material with a trapezoidal 
cross section. In each of these embodiments, in addition to 
the reflective cladding 446, the scintillator is clad in an 
additional masking layer 448 of lead, tungsten or similar 
high-attenuation material. This outer masking or shielding 
layer is configured to have a narrow vertical opening 450 of 
the dimensions desired for the detector cross-section. Once 
photons have passed through the opening and struck the 
scintillator, further scattering is more likely to occur within 
the larger volume of scintillator located behind the opening 
450 in the mask 448 rather than scattering outside the 
scintillator material. If desired, an additional layer of low-Z 
material (not shown) may be interposed between the clad 
ding and the shielding layers so as to absorb secondary lead 
X-rays emitted by the mask 448. As will be clear to those of 
skill in the art, the detectors shown in FIG. 31D have the 
improved efficiency of wider detectors with the higher 
resolution of narrower detectors. Similar masking can be 
applied to Solid-state detectors, such as shown in FIG. 2, 
resulting in similar advantages. 
0179 Referring to FIG. 34, a similar masking approach 
may be applied to a two-dimensional piece of Scintillation 
material to form a detector 452 with the benefits described 
above. Specifically, a piece of scintillation material 454 has 
mask of lead applied in strips 456 to its face. Narrow vertical 
openings 458 are left to allow entrance of photons aligned 
with the openings. Like with the embodiment of FIGS. 
14A-14C, this gives increased accuracy. Photo-detectors 
459 are positioned behind the scintillation material 454 and 
are capable, by means such as “Anger logic', of detecting 
where a pulse of light occurs. Because a portion of the face 
is masked, the electronics “knows that the photon did not 
strike in the masked areas and can therefore more precisely 
pinpoint the location of the strike. The masking off of certain 
portions of the detector surface reduces, in effect, the posi 
tional uncertainty of a given pulse of light, thus permitting 
its position to be determined more accurately and precisely. 

0180 FIG. 32 shows details of construction of a bar 
shaped, masked detector module 460 as described in the 
previous Figures but with the photo-detectors 462 attached 
at the rear face through use of optical coupling material 464. 
A similar masking configuration may be used with solid 
state detector modules. 

0181. As will be clear to those of skill in the art, photo 
detectors of various types are somewhat costly. Therefore, it 
is desirable to reduce the number required. According to 
another embodiment of the present invention, a pair or more 
of optical fibers may be attached to each of the scintillation 
based detectors, with one fiber connected to each end of the 
detector. The fiber may be connected to the top and bottom 
and/or to the back face adjacent the top and bottom. The 
optical fibers may then be routed to a photomultiplier of the 
type have position sensitivity. These readily available mul 
tichannel photomultipliers are capable of providing distinct 
outputs for a multiplicity of locations across the face of an 
individual tube. Such a photomultiplier can then sense light 
pulses from a large number of optical fibers running from 
various detectors. In this way, the total number of photo 
detectors is reduced. A similar approach may be applied to 
two-dimensional scintillation based detectors. Rather than 
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using photodetectors mounted to the rear of the material, 
multiple optical fibers may be used to route the light to 
multichannel detectors. 

0182. As previously discussed, the pieces of scintillation 
material that form the core of a scintillation based detector 
are clad in a radiolucent, light reflecting material Such as 
aluminum. This increases the brightness of the pulse of light 
as perceived by the light detectors. However, in some 
situations, this reflectivity may interfere with the ability of 
the light detectors to determine the longitudinal position 
where the photon struck the scintillation material. Therefore, 
it may be beneficial to reduce the reflectance of one or more 
surfaces of the scintillation material. For this purpose, the 
Surface may be roughened prior to cladding, the cladding 
may be roughened in certain areas, or a lower reflectance 
coating may be applied to either the Scintillation material or 
the cladding. Alternatively, it may be desirable to vary the 
reflectance along the length of the reflector. For example, a 
roughed strip on one surface of the Scintillation material may 
vary in width along the length of the detector. The strip could 
be narrow in the center, so that reflectance remains high, and 
wider near the ends so that reflectance is reduced. This 
increases the likelihood of events near the center being 
detected at the ends. 

XIV. Detectors and Arc May Both Move 
0183 If the spacing of detector modules is sparse, gaps 
may be seen in the pattern of angular sampling provided by 
this system. The importance of such gaps depends on the 
number of angular “bins' of data obtained as the aperture arc 
moves. In addition, the significance of any artifacts caused 
by incomplete angular sampling depends on the clinical 
setting. If such artifacts are objectionable, this invention 
optionally provides for a means (FIG. 33) of rotation of the 
arc of detector modules 500 through a limited angular range 
502. Such motion occurring either continuously or in a 
limited number of discrete steps. The range of motion of the 
detector arc is equal to the spacing between detectors. At 
each step of detector motion, the aperture arc 504 is moved 
through its range of motion 506. In this manner, a full set of 
angular projections may be obtained with even sparse detec 
tor population. 

0.184 As another alternative, a tomography system 
according to the present invention may be provided with a 
reduced number of detectors to reduce the cost of the 
system. This system would have either reduced resolution or 
would require an increased scan time. Later, the system may 
be upgraded by adding additional detectors at positions 
between the existing detectors. 
XV. Calibration 

0185. As known to those of skill in the art, nuclear 
medical imaging devices require regular calibration. With 
typical parallel hole gamma cameras, a sheet of material 
with radioactive Substance on one side is positioned against 
the face of the collimator in order to perform a calibration. 
The present invention creates different challenges. A tubular 
radiation Source could be positioned at the patient axis. 
However, calibration would then be very time consuming, 
since it would require long exposure times at each arc 
position over a number of positions. This would also lead to 
unacceptable levels of radiation in the room during the 
calibration process. FIG. 35 presents a preferred calibration 
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approach. A portion of an aperture arc is shown at 510 with 
an aperture at 512. A calibration member 514 is shown 
positioned adjacent the aperture 512. It is arc-shaped, and 
may have a smaller radius and curvature than shown. The 
inside surface 516 has a radioactive material on it, and is 
positioned Such that the radioactive material causes photons 
to travel through the aperture 512. This results in radioactive 
material covering the entire field of view of the sensors that 
can 'see' the aperture. Obviously, multiple calibration mem 
bers 514 are used, with one being placed at each of the 
apertures. This allows a rapid calibration of the device, 
allows for compact storage of the calibration devices, and 
minimizes the exposure to radiation. 
XVI. Alternative Configurations 
0186 The previously described embodiments of the 
present invention have specified that the detector sensor 
arrays, the collimators, and the blocking member each be 
arcuate in shape. As will be clear to those of skill in the art, 
other shapes are also possible. For example, the detectors 
may be laid out in a rectangular or square arrangement. The 
blocking member and the collimators could be shaped 
likewise. As another example, sets of either strip or two 
dimensional detectors may be arranged in Straight rows at 
various positions around the field of view. This approach is 
shown in FIG. 36 using two-dimensional detectors 520. 
Each row of detectors 520 has a blocking member 522 in the 
form of a straight sheet positioned in front of it. The 
blocking member 522 has apertures, such as slots 524, 
defined through it and moves as shown by arrows D so that 
lines or response are swept across the field of view. Colli 
mators, as discussed with other embodiments herein, may 
also be provided. As a further alternative, the detectors, 
either strip or two-dimensional, may be arranged as shown 
in FIG. 36 and an arc or ring shaped blocking member may 
be used. This arrangement, or the arrangement of FIG. 36 
may cover an are between 180 and 360 degrees. In these 
embodiments, if two-dimensional detectors are used, con 
ventional large two-dimensional detectors, as used in 
gamma cameras may be cut into several, preferably four, 
pieces to provide the Smaller two-dimensional detectors 
necessary for these embodiments. This reduces the total cost 
of components. 
0187 Depending on the application, the system of the 
present invention may include other accessories. For 
example, in cardiac work, it may be desirable to stress the 
heart by having the patient perform an exercise. For this 
purpose, the system may include a bicycle ergometer that is 
either permanent or detachable. Also, the system may 
include an electrocardiogram and/or a built in cardiac 
defibrillator. Also, an intravenous infusion pump may be 
included or be attachable. 

XVII. Structural Considerations 

0188 FIG. 37 shows a support assembly for an imaging 
arc 610 similar to the one shown in FIG. 18, However, FIG. 
37 shows the arc having diagonal spokes or tension mem 
bers running in an additional directional between an upper 
support member 612 and a lower support member 614. The 
spokes may be considered to include a vertical set and a first 
and second diagonal set. A horizontal spoke representative 
of spokes in the vertical set is labeled 616. A spoke repre 
sentative of the spokes in the first diagonal set is labeled 618, 
and a spoke representative of the spokes in the second 
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diagonal set is labeled 620. As shown, each set includes a 
plurality of similarly positioned spokes arranged along the 
arc and extending between the upper and lower Support 
members 612 and 614. While the arc 610 may be constructed 
with all three sets of spokes, it may also be constructed with 
only one or two sets of spokes. In one preferred embodi 
ment, only the second set of diagonal spokes, as represented 
by 620, are provided. As discussed previously, the support 
assembly 610 has a base portion or fixed end 622 that is 
attached to the rest of the imaging apparatus of the present 
invention, with the remainder of the arc extending away 
from the base 622 to a free end. In some embodiments, the 
remainder of the arc 610 is unsupported, and therefore must 
be self-supporting. Because the arc 610 may be quite heavy, 
it is necessary to construct it so as to resist sag and twist 
along its length. By providing the spokes as represented by 
620. Some compensation for sag of the arc may be provided. 
As will be clear to those of skill in the art, by tightening the 
spokes 620, the cantilevered free end of the arc 610 may be 
raised relative to the position it would take if the spokes are 
loosened. In some cases, the spokes as represented by 616 
and 618 may also be provided to provide additional structure 
or to provide for other compensation. 
0189 The arc 610 preferably includes a collimator that is 
constructed with multiple sheets of plastic and lead. Experi 
mentation has shown that if the upper support member 612 
and lower support member 614 are not pulled tightly 
together, the end of the arc may be raised somewhat which 
causes the individual sheets in the collimator assembly to 
slide very slightly relative to one another. If the two support 
members 612 and 614 are then compressed against each 
other, the individual sheets of the collimator assembly lock 
to one another and greatly increase the stiffness of the 
overall arc 610. Therefore, the arc may be moved into a 
preferred position, Such as by using a fixture, and then 
various spokes may be tightened to clamp the upper plate 
612 and lower plate 614 tightly to one another. 
0.190 Referring to FIG. 38, a cross-section of the arc is 
shown. In this embodiment, the collimator assembly 630 is 
constructed with a plurality of alternating layers of lead and 
plastic supported between a lower support plate 632 and an 
upper support plate 634. Threaded adjusting members 636 
extend through the lower plate 614 to the lower support 
member 632 and through the upper plate 612 to the upper 
support member 634. The various parts may not be to scale. 
By adjusting the adjusting members 636, the position of the 
collimator assembly 630 may be adjusted relative to the 
remainder of the arc. As will be clear to those of skill in the 
art, the adjusting members are provided at a plurality of 
locations along the length of the arcs, so that the position of 
the collimator assembly may be adjusted throughout the 
length of the arc. By adjusting the various adjusting mem 
bers 636, the sag of the collimator assembly along this 
length may be compensated for. In addition, any twist in the 
collimator assembly may be adjusted out. Preferably, the 
collimator assembly is adjusted Such that each vane is 
Substantially planar. 

0191 FIG. 38 shows the aperture arc 638 positioned 
between the collimator assembly and the patient side of the 
arc. The patient side of the arc may have a thin sheet of 
radiolucent material. Such as aluminum, as shown at 640. 
This thin piece of material 640 ties the upper support 
member 612 to the lower support member 614 so as to 
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provide a structurally sound arc. A single spoke 642 is 
shown on the side of the arc away from the patient, and 
represents one of the spokes as illustrated at 616-620. 
0.192 FIG. 39 shows an alternative embodiment where 
the thin piece of material 640 is replaced by an additional 
spoke 644. The sheet of material 640 in FIG.38 is preferred, 
as it provides a slight uniform reduction in transmission of 
photons, whereas the use of spokes causes a localized 
reduction in the passage of photons. However, as will be 
clear to those of skill in the art, the machine may be 
calibrated such that the presence of spoke 644 may be 
compensated for. 

0193 FIG. 40 illustrates an alternative embodiment 
where the sheet on the patient side of the arc, here labeled 
646, bends around the top of the upper support member 612 
and around the bottom of the lower support member 614. 
This is a preferred construction as it provides easier attach 
ment of the fasteners. 

XVIII. Rebinning of Data 

0194 As will be clear to those of skill in the art, the 
imaging system according to the present invention provides 
data in a form different than current imaging cameras, which 
have generally rectangular flat faces. These traditional cam 
eras take images from multiple angles, with each image 
providing a two-dimensional “picture' of the patient from 
that angle. In the present invention, photons are received 
from multiple angles by the multiple detectors, with the lines 
of response for the various detectors being Swept across the 
patient area as the aperture arc and detectors move relative 
to one another. Because the imaging is accomplished in a 
different manner, it is preferred to initially process the data 
from the present invention such that the data is put in the 
format used with current machines. Then, traditional recon 
struction software may be used to process the resulting data. 
This interim step of formatting the data into the format 
currently provided by imaging devices is referred to herein 
as "rebinning.” 

0.195. In order to understand the rebinning of data in 
accordance with the present invention, it is best to first 
discuss how data is treated in traditional imaging devices. 
FIG. 41 illustrates a cross-section of a patient 650. A portion 
of an arc 652, which forms part of some embodiments of the 
present invention, is shown Surrounding part of the cross 
section of the patient 650. A traditional two-dimensional 
imaging camera is shown schematically as 654 in a first 
position and again as 656 at a position 90 degrees from the 
first position. A plurality of parallel imaging lines is shown 
projecting from each camera 654 and 656. In processing data 
from the camera indicated at 654 and 656, the position of 
incoming photons is generally designated using r and 0. 
These variables refer to the distance of the incoming photon 
from the center of the detector, r, and the angular position of 
the camera, 0. One of the incoming photon paths is labeled 
as 658 in FIG. 41. The distance of the path of this photon 
from the center of the camera in position 654 is marked as 
r in the drawing. This data may be plotted in a graph referred 
to as the sinogram. A sample sinogram is shown in FIG. 42. 
A sinogram plots the position from the center of the imager, 
r, with Zero being in the center, Versus the angular position 
of the camera, 0. If a point 660 in the very middle of the 
imaging area is the only point emitting photons, a sinogram 
will be a straight vertical line as shown in FIG. 42. That is 
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because the photons emitted from the single point 660 will 
strike the center of the camera (r=0) at all angular positions 
of a camera (0=0 to 360 degrees). FIG. 43 illustrates a 
sinogram for a single off-center point. As the imaging 
camera rotates about the imaging area, the off center point 
appears to move side-to-side with respect to the center of the 
camera, thereby giving a sine-shaped curve on the sinogram. 
0.196 Referring again to FIG. 41, the cross-sectional slice 
illustrated as 650 may be considered to be a single horizontal 
slice, if the patient is positioned vertically. Obviously, a 
sinogram resulting from an actual patient imaging session 
will be significantly more complex than shown in FIGS. 42 
and 43. In addition, sinograms may be created for each 
"slice' of a patient. As discussed previously, the field of 
view in which the patient is positioned may be defined as 
having a longitudinal axis. The "slice' of the patient will 
typically be perpendicular to this longitudinal axis. This may 
also be referred to as a sensing plane. As will be clear to 
those of skill in the art, multiple sensing planes may be 
defined so as to obtain different "slices” of the patient. 
Referring again to FIG. 41, it will be appreciated that the 
distancer may be defined as the distance in the sensing plane 
between a center point or center line of the camera and the 
position where the photon is received. In order to define the 
angular position of a traditional gamma camera, a position 
line may be defined as extending perpendicularly between 
the longitudinal axis and the center line of the camera in the 
sensing plane. The angle 0 may then be defined as the angle 
between the position line and an arbitrary base line also 
contained in the sensing plane and perpendicular to the 
longitudinal axis. 
0197) Referring back to FIG.9B, it can be seen how the 
lines of response of various detectors in the present device 
are swept across the field of view as the aperture arc and the 
detectors move relative to one another. 

0198 FIG. 44 illustrates what may be considered a sino 
gram for an imaging system according to the present inven 
tion with an aperture arc having six apertures. If a single 
point is imaged, and the data is plotted on a chart of aperture 
arc position versus the position on the detector array where 
the photon is sensed, a plurality of angled parallel lines will 
be created. This is because as the aperture arc position 
moves, the position on the detector array where a photon 
from the point Source can reach the detectors is also moved 
in a generally linear relationship. It should be noted that FIG. 
44 is not to scale, but is intended only to represent a general 
concept. In order to treat data Such as shown in FIG. 44 using 
algorithms designed for data presented in the format of 
FIGS. 42 and 43, the data must be resorted or rebinned. 

0199 Referring to FIG. 45, the slice 650 is shown with an 
emitting point 662. An aperture arc 663 with an aperture 664 
Surrounds the imaging area, with a detector arc or assembly 
665, with a detector 666, surrounding the aperture arc. A 
photon emitted from point 662 will pass through the aperture 
664 and be received by the detector or sensor at 666. 
Because the position of the aperture 664 and the detecting 
position 666 are known, the equivalent positional data, rand 
0, for a two-dimensional camera may be computed. This 
equivalent rand 0 is shown in FIG. 45 for a two-dimensional 
CaCa. 

0200 Referring now to schematic FIG. 46, a photon path 
is shown at 670, with an aperture arc shown at 672 and a 
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detector assembly or arc shown at 674. As shown, the photon 
path 670 will pass through an aperture at 676 and strike a 
detector at 678. The center of the aperture arc is shown at C. 
with the equivalent r and 0 for a two-dimensional imaging 
camera being indicated on the diagram. C also represents the 
center of the field of view, and may lie on the longitudinal 
axis. The angle of the aperture 676 is expressed as p, while 
the radius of the aperture arc is indicated as R. The 
relationship between these variables is given by the equa 
tion: 

(i) = arcsin, - 6 Rapp 

0201 FIG. 47 illustrates a similar relationship for the 
position of the detector arc 678. In this case, the radius of the 
detector arc is given as R and the angle of the position on 
the detector arc is given as I. The relationship between the 
variables is given by: 

det 

0202 As will be clear to those of skill in the art, sino 
grams may be created for each slice of the patient by 
plugging in values for 0 and r for each position on the 
sinogram into the equations shown in FIGS. 46 and 47. In 
each case, this will provide an aperture position (p and a 
detector position I. The intensity recorded for this combi 
nation of aperture position and detector position may then be 
entered in the sinogram for this combination of 0 and r. This 
may be repeated until a complete sinogram is created. Once 
a sinogram is created, the data may be processed as with 
traditional imaging devices. As will also be clear to those of 
skill in the art, the rebinning may be accomplished using a 
computing device. 

XIX. Additional Calibration Configurations 

0203) As discussed with respect to FIG.35, it is desirable 
to provide some type of calibration source for calibrating an 
imaging system according to the present invention. In tra 
ditional two-dimensional imaging cameras, a flat sheet 
radioactive source is typically laid on top of a collimator, 
which is aimed upwardly. This calibration source exposes 
the entire surface of the camera to the same level of 
radioactive emission, such that the camera could be cali 
brated. That is, software adjustments may be made if a 
certain portion of the camera reads high or low with respect 
to other portions of the camera, such that after calibration, 
the resulting readout is uniform. These traditional calibra 
tion approaches have several drawbacks. First, the radioac 
tive calibration source is large and heavy, and often difficult 
for technicians to manipulate. They are typically stored in 
large lead boxes to avoid excess radioactive exposure. 
However, due to the size and weight of the box, the 
technician is often forced to leave the box in one location 
and then carry the radioactive source, next to their body, into 
the room where imaging is actually done. This is inconve 
nient and leads to additional radioactive exposure by the 
technician. In addition, the collimator positioned between 
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the calibration Source and the sensing Surface of the camera 
allows a passage of only about one in every ten thousand 
photons to reach the sensing Surface. Therefore, the calibra 
tion procedure is often time-consuming. 
0204 FIG. 35 presents one approach to calibrating the 
present invention. Additional approaches will be discussed 
hereinbelow. In each case, a radioactive source is provided 
in or adjacent an aperture of the aperture arc Such that 
radiation is projected through the aperture arc, through the 
collimator, and to the detectors. Because of the design of the 
present invention, a much higher ratio of emitted photons 
reach the various detectors, allowing for reduced calibration 
time. After the radioactive calibration source is positioned, 
the aperture arc is moved and Software may be used to 
calibrate the imaging system to adjust for the variations in 
detector sensitivity and for the fact that photons intercept the 
detectors at different angles depending on the position of the 
detectors relative to the aperture arc. 
0205 Referring now to FIG. 48, an alternative calibration 
source will be described. A portion of an aperture arc is 
shown at 700 with a pair of slot edge pieces 702 defining a 
slot 704. The calibration source includes a generally tubular 
radioactive source 706 which is attached to a carrier includ 
ing a lead shield 708 and a plastic carrier 710. FIGS. 49-55 
show the assembly and use of this calibration source. FIG. 
49 shows the plastic carrier 710. As shown, the carrier is 
arcuate with a concave inner face. FIG. 50 shows the 
similarly shaped lead carrier shield 708 nested in the plastic 
carrier 710. In some embodiments, the lead shield is 
approximately 2% to 3 mm thick. Alternatively, the shield 
may be formed oftungsten, which allows it to be thinner for 
the same amount of radioactive blocking. The radioactive 
Source may be connected to the carrier in a variety of ways. 
FIG. 51 shows the use of clips 712 which may hold the 
Source. Alternatively, it may be attached by gluing or by 
plastic coating the entire front side of the carrier to hold the 
source in place. FIG. 52 shows the source itself 706 held by 
the carrier. The source may be a tube filled with a radioactive 
material Such as cobalt particles embedded in an epoxy or 
other resin. FIG. 53 shows the calibration source positioned 
in the aperture arc, with the side edge pieces removed for 
visibility. FIG. 54 shows the aperture arc with the side pieces 
installed. FIG. 55 shows the radioactive source being slid 
into a pair of guide pieces to position it for calibration. The 
aperture arc may be moved side-to-side during the calibra 
tion process. While the calibration source is shown as having 
a height taller than the aperture arc, it may also have a height 
equal to or shorter than the height of the aperture arc. 

0206. As will be clear to those of skill in the art, the 
aperture arc is housed inside the imaging arc Such that access 
to the arc is not easily provided for positioning of the 
calibration source. A series of figures starting with FIG. 56 
illustrates the assembly, positioning, and use of a calibration 
source and holder or carrier for the source. FIG. 56 shows 
the assembled holder 732. It includes a pair of side rails 720 
with curved upper ends positioned parallel to one another. 
The side rails 720 are tied together at their top and bottom 
by interconnecting portions 722 and 724. The bottom inter 
connecting portion 724 also acts as a spacer and may be said 
to be positioned on the inside of the side rails. A pair of inner 
rails 726 connect to the bottom spacer 724 and extending 
generally parallel upwardly and spaced from the side rails 
720. A pair of slots is defined between the inner rails 726 and 
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the side rails 720. The open sides of the slots are closed by 
closure members 728. Support flanges 730 are positioned 
adjacent the bottom of the assembled device. A front cross 
piece is shown at 734. In one embodiment, the cross piece 
734 includes a magnetic latch for locating the carrier or 
holder 732 during use. FIG. 57 illustrates the carrier 732 in 
exploded view. 
0207 FIGS. 58 and 59 show a plastic block 736 that 
forms part of the calibration source 746. As shown, the 
plastic block 736 has a recess in the front face. A lead shield 
738 is positioned in this recess in the plastic block 736. 
Guide pins 740 are provided extending from the sides of the 
plastic block 736. A radioactive rod 742 is positioned against 
the inner face of the lead shield. A plastic or aluminum 
retainer 744 is then positioned over the source to hold it 
against the lead shield and plastic block. This results in an 
assembled calibration source 746. 

0208 FIG. 60 shows the calibration source 746 posi 
tioned in the holder 732, with the holder supported by a 
hinge 748. FIG. 61 shows the bolder 732 and the source 746 
rotated so as to see the back side of the plastic block 736. 
FIG. 62 illustrates the holder 732 positioned between an 
upper support member 750 and lower support member 752 
of the imaging arc, with an opening 754 defined through the 
upper member 750. FIG. 63 adds the aperture arc 755 which 
has upper and lower guide rails 758 and 760. FIG. 64 shows 
a portion of the upper support member 750 cut away. 
0209 FIG. 65 shows a detailed view of the hinge 748 at 
the bottom of the source holder 746. In an alternative 
embodiment, a spring is provided. Such as at the hinge 748, 
for spring biasing the upper end of the holder towards the 
aperture arc 755. 

0210. Due to construction details of some embodiments 
of the present invention, the opening in the upper Support 
member cannot be provided close enough to the aperture arc 
Such that the source can be dropped straight into place. 
Instead, it needs to be positioned away from the portion of 
the member that supports the aperture arc. FIG. 66 shows the 
source 746 being dropped through the opening 754 in the 
upper member 750 into the holder 732. A portion of the 
member is cut away for visibility. FIG. 67 shows the side 
view of FIG. 66, and illustrates how the opening 754 is 
positioned far enough back so that the carrier 746 does not 
move into position immediately adjacent the aperture arc as 
it extends through the opening 754. Instead, it strikes the 
sloped back surface of the holder 732. This causes the source 
to tilt somewhat, which in turn causes the holder 732 to pivot 
back on the hinge so as to align with the source. FIG. 68 
shows the source 746 inserted fully into the holder 732 with 
the holder moved back forwardly, with its motion being 
caused either by the operator or by a spring in the hinge. The 
holder may then be held in place by the magnetic latch or by 
a spring, or by other means. FIGS. 69 and 70 illustrate 
additional views of this insertion process. FIG. 71 illustrates 
some sample dimensions for one embodiment of the holder 
T32. 

0211 FIG. 72 illustrates an alternative embodiment of a 
calibration source which may be used with a holder similar 
to that shown in the previous figures. The calibration source 
is shaped similar to the source of FIG. 48 and has an arcuate 
piece of lead or tungsten 798. The calibration source 800 has 
the piece of lead 798 wrapped in plastic 802 to protect the 
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lead and to stiffen it. A tube 804 of radioactive material is 
affixed to the concave side of the lead and plastic assembly. 
A particular advantage to the calibration devices for use with 
the present invention is that they are much Smaller, lighter, 
and easier to handle than the previous calibration devices. 
FIG. 73 illustrates a calibration holding box 810 with six 
calibration sources positioned inside of it. Each Source may 
nest such that they fit compactly into the box 810. The total 
weight of the box and calibration sources may be as little as 
6 or 10 pounds, making it easy for a technician to handle 
without unnecessary exposure. 

XX. Curved Crystal Detectors 
0212. As discussed previously, the present invention may 
be made with either solid state detectors, such as CZT, or 
with scintillation material backed by photo tubes. In earlier 
embodiments, individual pieces of Scintillation material 
were assembled side-by-side. According to a preferred alter 
native, a single large curved crystal of Scintillation material 
may be provided, such as shown in FIG. 74 at 820. This 
single curved piece of crystal may be scored along its face, 
with the Scare lines being cut partially through the crystal so 
as to divide it into different photon receiving regions. FIG. 
75 illustrates the crystal 820 backed by a plurality of photo 
tubes 822. 

XXI. Brain Imaging 

0213 As will be clear to those of skill in the art, imaging 
systems in accordance with the teachings of the present 
invention may be used to image a variety of items, including 
body parts other than the chest. FIG. 76 shows an embodi 
ment of the present invention configured for brain imaging. 
While such a device may be constructed similarly to prior 
illustrated versions, a preferred embodiment is formed as a 
complete circle rather than an arc that extends between a pair 
of spaced-apart ends. The device 900 in FIG. 76 includes a 
base 902 that Supports a patient and also supports an imaging 
ring 904. As shown, the imaging ring 904 surrounds the 
patient's head such that the patient’s brain may be imaged. 
The ring may be larger or Smaller than shown, for example 
to image other objects Such as a patient’s chest or body. The 
imaging ring 904 may be constructed Substantially identi 
cally to earlier embodiments of the present invention with 
the various components being formed as rings rather than 
arcs. Such a device includes an aperture ring, a ring of 
collimating Vanes and a sensor or detector ring. The aperture 
ring or the sensor or detector ring moves such that lines of 
response are swept across the field of view, preferably 
including the area containing the patient's brain. It should be 
noted that while the illustrated embodiment positions the 
patient in an upright position, other embodiments may be 
adjustable and/or provide a more horizontal position with 
the imaging ring disposed in a more vertical orientation. 
XXI. Embodiment with Enhanced Resolution 

0214. As will be clear to those of skill in the art, imaging 
resolution is particularly important when imaging a patients 
brain. As discussed previously, SPECT-based imaging sys 
tems generally face a tradeoff between imaging efficiency or 
sensitivity and imaging resolution. Some embodiments of 
the present invention improve on this traditional tradeoff. 
That is, they can provide Substantially enhanced resolution 
and/or sensitivity as compared to traditional systems. The 
present invention may also be modified to further enhance 
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resolution while still maintaining acceptable levels of sen 
sitivity and imaging speed. Embodiments of the present 
invention modified to provide enhanced resolution are par 
ticularly applicable to brain imaging. Prior discussed 
embodiments of the present invention may also be modified 
to enhance resolution for imaging other body parts. Such as 
the heart, as well as for other applications, as will be 
discussed further hereinbelow. 

0215 FIG. 77 provides a partially cutaway perspective 
view of an embodiment of a brain imaging ring with 
enhanced imaging resolution. As with earlier embodiments, 
the imaging ring preferably is housed in a case 906, which 
is here shown in phantom lines. The case 906 has a generally 
ring-like shape and defines a central generally cylindrical 
opening 908, part or all of which defines the field of view of 
the imaging ring 904. Moving outwardly from the field of 
view, an aperture ring 910 is provided with one or more 
apertures 912 defined therethrough. The aperture ring 910 
may also be referred to as a photon blocking member. In the 
illustrated embodiment, the aperture ring 910 includes a 
plurality of apertures 912 defined therethrough. Each of the 
apertures 912 preferably allows the passage of substantially 
all photons aligned therewith while blocking all or a sub 
stantial percentage of the photons that Strike the aperture 
ring 910 in other locations. The aperture ring 910 is pref 
erably constructed similarly to earlier discussed embodi 
ments of an aperture arc. For example, the ring 910 may be 
constructed of lead or a similar high attenuation material and 
have a thickness (typically approximately 3 mm) so as to 
affect essentially complete absorption of photons emitted by 
the patient. The apertures 912 may have any of several 
shapes, sizes and configurations, such as discussed previ 
ously. In the illustrated embodiment, if the imaging ring 904 
is considered to be generally horizontal, the apertures 912 
are each generally vertical slots or openings defined through 
the ring 910. Put another way, the imaging ring 904 may be 
said to generally define an imaging plane, alongitudinal axis 
may be considered to extend through the center of the 
opening 908 and be generally perpendicular to the plane, and 
the apertures 912 in the illustrated embodiment may be said 
to also be perpendicular to the imaging plane. In other 
embodiments, the apertures 912 are angled with respect to 
the longitudinal axis. Preferably, the aperture ring 910 is 
rotated so as to Sweep lines of response across the field of 
view. Rotation of the aperture ring may be achieved in a 
variety of ways, such as by using a motor 914. 
0216 Referring again to the illustrated embodiment of 
FIG. 77, a collimator assembly 916 is provided outboard of 
the aperture ring 910 and generally coaxial therewith. Alter 
natively, the collimator assembly may be inboard of the 
aperture ring. As with earlier embodiments of a collimating 
assembly, the assembly 916 consists of a plurality of gen 
erally parallel vanes 918 that are spaced apart so as to allow 
the passage of photons therebetween. Together, the aperture 
ring 910 and the collimating assembly 916 cooperate to limit 
which photons reach a sensor or detector assembly outboard 
of the aperture ring and collimating assembly. Preferably the 
vanes 918 are formed of a photon attenuating material 
similar to the aperture ring 910 and the number, size and 
thickness of the Vanes may be varied depending on the 
application. Values for the number, size, shape, and dimen 
sions (such as thickness and depth) of the Vanes may be 
equal to any of the values discussed previously herein or 
may have other values depending on the application. The 
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collimating assembly 916 may beformed in accordance with 
previously discussed approaches, such as by Stacking alter 
nating sheets of photon attenuating material and radiolucent 
material. In the illustrated embodiment, the vanes 918 are 
each generally planar ring-shaped members that are gener 
ally parallel to the imaging plane and perpendicular to the 
longitudinal axis. Alternatively, the Vanes may be disposed 
at other angles, such as those discussed previously with 
respect to prior embodiments of the present invention. 
0217 Referring again to the embodiment of FIG. 77, a 
mask or mask ring 920 is provided outboard of the colli 
mating assembly 916 and aperture ring 910, and coaxial 
therewith. The mask ring 920 is an element not present in 
prior embodiments of the present invention. The mask ring 
920 is similar to the aperture ring 910 in that it is formed of 
a photon-attenuating material Such as lead and has a plural 
ity of apertures 922 defined therethrough. The mask ring 920 
is preferably formed of a sufficient thickness of photon 
attenuating material that Substantially all photons not 
aligned with one of the apertures 922 are blocked or 
absorbed. As will be discussed further hereinbelow, the 
provision of the mask ring may increase the resolution of the 
overall imaging system above the intrinsic resolution of the 
detector or sensor assembly. This is due to the fact that the 
mask ring 920 may more precisely determine the position of 
a photon actually reaching the sensor or detector assembly 
since it is known that any photon that actually reaches the 
detector or sensor assembly must have been aligned with 
one of the apertures 922. Like the aperture ring 910, the 
mask ring 920 is preferably moved relative to the remainder 
of the device so as to move the apertures and thereby expose 
different portions of a sensor or detector assembly to photons 
passing therethrough. This movement may be power 
assisted, such as by using motor 924. The mask ring 920 is 
an optional feature of the present invention, and may be 
eliminated from any of the embodiments discussed herein. 
0218. Referring again to the embodiment of FIG. 77, a 
detector or sensor assembly 930 is provided outboard of the 
mask ring 920 and generally coaxial therewith. As an 
alternative to rotating the aperture ring 910, the detector or 
sensor assembly may be moved relative to the field of view, 
thereby sweeping lines of response across the field of view. 
Movement of the detector or sensor assembly may also be 
used in place of movement of the mask. In the illustrated 
embodiment the detector assembly 930 consists of a ring of 
scintillation material 932 surrounded by a plurality of pho 
tomultiplier tubes 934 or other photo-detectors such as solid 
state photodiodes. Alternatively, other types of detector or 
sensor assemblies may be used to provide the detector ring 
930. This may include solid state or scintillation-based 
sensors and may include one-dimensional or two-dimen 
sional sensors such as shown in FIGS. 22-24 and sensors 
such as shown in FIGS. 28-32. The photo-detectors or 
photomultiplier tubes 934 illustrated are smaller than typi 
cally units. Alternatively, standard sized tubes, having a 
diameter of two to three inches, may be used. In Such an 
embodiment, fewer tubes would fit around the perimeter of 
the device, such as one half to one third as many tubes. There 
may also be fewer tubes along the longitudinal direction. 
0219 FIG. 78 provides a cross-sectional view of the 
imaging ring 904 of FIG. 77, taken along lines A-A, though 
the photomultiplier tubes are not illustrated. FIG. 79 pro 
vides a generally horizontal cross section of the imaging ring 
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of FIG. 77, taken along lines B-B. FIG. 79 additionally 
includes fines of response D and E. representing photons 
traveling outwardly from the field of view. An object with a 
brain shaped outline is also shown in the field of view. 
Preferably, the imaging ring is sized Such that a person’s 
head fits inside, and the brain fills the majority of the field 
of view. The brain may have a different size, shape or 
orientation than shown. In one embodiment of the present 
invention, the opening in the center of the imaging ring has 
a radius of 14 to 16 centimeters So as to receive a normal size 
adult head. It is preferred that the imaging ring have a 
longitudinal dimension Sufficient to image the brain. As 
Such, an embodiment of the ring is sized to provide an image 
height of 15 to 18 centimeters. The image height is limited 
by the height of the apertures and the sensors. Therefore, the 
overall device may have a longer longitudinal dimension to 
achieve these image heights. 
0220 Referring again to FIG. 79, both lines of response 
D and E are positioned such that they pass through apertures 
912 in the aperture ring 910 and are assumed to be generally 
horizontal such that they extend between two vanes 918 of 
the collimating assembly 916. However, only line of 
response D is illustrated as reaching the detector or sensor 
ring 930 due to its alignment with one of the apertures 922 
in the mask ring 920. Line of response E, on the other hand, 
is not aligned with an aperture 922 in the mask ring 920 and 
therefore does not reach the detector or sensor ring 930. As 
will be clear to those of skill in the art, the inclusion of the 
mask ring 920 reduces the overall sensitivity of the imaging 
system since not all photons passing through apertures 912 
in the aperture arc and between vanes 918 of the collimator 
assembly 916 actually reach the sensor or detector ring 930. 
In the illustrated embodiment, the mask ring 930 allows 
about one-third of the photons reaching it to pass through 
one of the apertures. 
0221 Referring now to FIG. 80, a portion of an imaging 
ring or arc is shown generally at 940. The imaging ring or 
arc 940 includes an aperture ring or arc 942 with at least one 
aperture 944 therethrough, a plurality of collimating vanes 
950 and a sensor or detector ring or arc 946. FIG. 80 also 
illustrates an object 141 being imaged by the imaging ring 
or arc 940. Two lines of response G and F are shown 
extending from the object 941 through the aperture 944 to 
the sensor or detector assembly 946. The lines of response 
G and F originate at two closely spaced points G' and F" 
within the object 941. As will be clear to those of skill in the 
art, if two points, such as G' and F" are very close to one 
another, their lines of response G and F may strike the sensor 
or detector 946 at locations that are also very close to one 
another, such as illustrated at G" and F". If the distance 
between points G" and F" are less than the intrinsic resolu 
tion of the detector or sensor assembly 946, the imaging 
system may be incapable of distinguishing between the two 
points and therefore may not be able to distinguish between 
the points of origin G' and F" in the object 941. It should be 
noted that the distance between G' and F has been exag 
gerated in FIG. 80 to demonstrate this situation and that the 
illustrated distances may not reflect the actual resolution of 
a device according to the present invention. Also, while the 
lines of response G and F are illustrated as parallel to one 
another, they may be at other angles and still lead to a 
situation where the points of impact G" and F" are not 
sufficiently separated to allow the system to resolve them as 
two separate points. The resolution of the overall system 
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may be improved by reducing the size of the aperture 944, 
at a cost of reduced sensitivity, or by improving the intrinsic 
resolution of the sensor or detector system 946. However, it 
may not be possible or practical to increase the intrinsic 
resolution of the detector or sensor system 946. 
0222 Referring now to FIG. 81, a portion of an imaging 
system 960 is illustrated, which is similar to the system 940 
of FIG. 80, but further includes a mask ring or arc 962 with 
apertures 964 defined therethrough. As with the system 940, 
the system 960 includes an aperture ring or arc 966 with 
apertures 968 defined therethrough, a plurality of collimator 
vanes 970 and a detector or sensor assembly 972. The same 
lines of response G and F are shown extending from points 
G' and F" within object 941. However, in this case line of 
response F is blocked by the mask ring or arc 962 such that 
it strikes the arc or ring next to an aperture 964. Line of 
response G is aligned with an aperture 964 in the mask ring 
or arc 962 and therefore strikes the detector or sensor 
assembly 972 at point G". Because the position of the 
aperture 964 in the mask ring or arc 962 is known, the 
system can therefore more precisely determine the position 
of point G", since any photon Striking the detector or sensor 
assembly 972 must have passed through one of the apertures 
964. In one preferred embodiment, the apertures 964 are 
sized so as to have a width approximately one-third of the 
intrinsic resolution of the detector or sensor assembly 972, 
and the apertures 964 are spaced apart by a distance equal to 
approximately two-thirds of the intrinsic resolution. As such, 
the resultant resolution of the overall system can be approxi 
mately three times better than without the mask ring or arc 
962. While the sensitivity and imaging speed of the overall 
system is reduced by the mask ring or arc, the tradeoff is 
warranted where increased resolution is beneficial. In addi 
tion, some embodiments of the present invention have 
Sufficient sensitivity and imaging speed that the reduction 
imposed by the mask ring or arc is not particularly detri 
mental. The ratio of open space and the width of the 
apertures may be decreased so as to increase the resolution 
of the imaging device, though this comes at the cost of 
increased imaging time, or may be increased so as to reduce 
imaging time. As such, the size of aperture may depend on 
the application. As with earlier embodiments, the apertures 
may be adjustable. As one alternative, the mask may include 
a pair of rings, each with apertures, and the rings can be 
aligned so as to provide large apertures or may be rotated 
relative to each other so as to progressively reduce the 
aperture size. This may be adjusted one time and set, or may 
be adjustable in the field depending on the application of the 
machine. Adjustable apertures may also be provided in 
accordance with earlier embodiments of the aperture arc. As 
a further alternative, the mask ring may be removable and/or 
replaceable to adjust the resolution/imaging time tradeoff. 
As will be clear to those of skill in the art, it is preferred that 
the position of the apertures in the mask be known very 
accurately and precisely. For example, it is preferred that the 
position be known to a level of accuracy greater than the 
intrinsic resolution of the sensors. In some embodiments, the 
positional accuracy of the mask is less than one pixel. As 
will also be clear to those of skill in the art, the mask position 
may be calibrated once a device is assembled, and periodic 
calibration may be helpful. 
0223 Referring now to FIG. 82, the system 960 is again 
illustrated, but with the mask ring or arc 962 moved slightly 
counterclockwise as indicated by arrow H. The aperture ring 
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or arc 966 is illustrated in the same position as in FIG. 81. 
With the mask arc or ring 962 in the new position, line of 
response G is now blocked by the mask ring or arc 962 while 
line of response F passes through the aperture 964 resulting 
in detection at F". 

0224. As with prior described embodiments of the 
present invention, it is preferred that the aperture arc or ring 
966 be moved relative to the detector or sensor assembly 972 
such that lines of response are swept across the field of view. 
FIG. 83 illustrates the system 960 with the aperture arc or 
ring 966 rotated a short distance counterclockwise such that 
the aperture 968 is moved downwardly. A different line of 
response Know passes through the aperture 968, is aligned 
with aperture 964 in the mask ring or arc 962 and results in 
imaging at K". 
0225. As will be clear to those of skill in the art, the 
aperture ring or arc 966 and the mask ring or arc 962 may 
be moved in a variety of ways so as to achieve high 
resolution imaging of the entire field of view. In one 
approach, the mask ring or arc 962 is positioned in a first 
position and the aperture arc or ring 966 is moved such that 
lines of response are swept across the entire field of view. 
The mask ring or arc 962 may be then moved to a second 
position and the movement of the aperture ring or arc 966 is 
repeated. The process can then be again repeated until a 
complete high resolution image is formed. In the version of 
the present invention in which the mask ring or arc has 
apertures covering approximately one-third of its surface, 
the process will typically be repeated for three positions of 
the mask ring or arc, though other strategies may be 
employed. In a second approach, the mask ring or arc is 
moved while the aperture ring or arc is held stationary. In a 
further approach, both are moved at the same time in a 
pattern that allows complete high resolution imaging. 
0226) While the embodiment illustrated in FIG. 77 is 
illustrated as forming an imaging ring, the approach of using 
a mask may also be applied to arcuate versions of the present 
invention. Also, while FIGS. 77-83 illustrate arc or ring 
shaped versions of the present invention, the strategy of 
using a mask in combination with collimating Vanes and an 
aperture arc may also be applied to planar image devices, 
such as shown in FIG. 84. In FIG. 84, a flat or generally flat 
detector assembly is shown at 980 and a field of view is 
shown at 982. A generally flat mask plate 984 is positioned 
adjacent the detector assembly 980 and has apertures 986 
defined therethrough. A plurality of collimating vanes 988 
and an aperture plate 990 are positioned between the detec 
tor assembly 980 and the field of view 982. The aperture 
plate 990 has a plurality of apertures 992 defined there 
through. The operation of the embodiment of FIG. 84 would 
be similar to that described with respect to FIGS. 81-83. 
0227 Referring now to FIG. 85, an arc version of an 
imaging system 1000 is illustrated. This embodiment is 
similar to the embodiment of FIG. 77, but forms a 180 
degree arc. Arcs extending more or less than 180 degrees 
may also be constructed, with a dimension somewhat larger 
than 180 degrees being one preferred version. This may be 
provided with or without a mask. An arc shaped imager is 
particularly useful for imaging body parts or organs that are 
positioned in the body asymmetrically, Such as the heart, 
kidneys or spine. 
0228 Referring now to FIG. 86, another alternative 
embodiment of an imaging ring is shown generally at 1050. 
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As mentioned previously, the apertures in the aperture ring 
do not necessarily have to be parallel to the longitudinal axis 
of the opening through the ring and the collimator Vanes do 
not necessarily have to be perpendicular to the longitudinal 
axis. In the embodiment illustrated in FIG. 86, the aperture 
ring 1060 has a plurality of apertures 1062 which are 
generally each perpendicular to the longitudinal axis. Such 
an aperture ring 1060 may be constructed in a variety of 
ways, such as by stacking photon-attenuating material with 
radiolucent material, or by interconnecting adjacent pieces 
of photon-attenuating material with a reinforcing member 
such as shown at 1064. In this embodiment, the collimating 
assembly 1066 consists of a plurality of radial vanes 1068 
which are each generally disposed in a plane perpendicular 
to the imaging plane. As will be clear to those of skill in the 
art, it is preferred that the apertures 1062 in the aperture ring 
1060 and the vanes 1068 be at angles to one another such 
that they cooperate to collimate photons passing there 
through. In some embodiments, the vanes 1068 are thinner 
and more closely spaced than shown. A thickness of about 
1 mm and a spacing, at the inside end, of about 3 mm may 
be used in some embodiments. FIG. 86 also illustrates a 
mask ring 1070 constructed similar to the mask ring of FIG. 
77. Alternatively, the mask ring may have apertures that are 
angled differently than shown, and may even be parallel to 
the imaging plane, such as apertures 1062 in the aperture 
ring 1060. As will be clear to those of skill in the art, the 
aperture ring 1060 is moved along the longitudinal axis so 
as to sweep lines of response across the field of view. The 
mask ring 1070 is rotated about the longitudinal axis so as 
to expose different parts of the detector assembly 1072. If a 
mask ring were provided with apertures generally parallel to 
the imaging plane, the mask would be moved along the 
longitudinal axis So as to expose all parts of the detector 
assembly 1072. One preferred embodiment of the present 
invention is arc shaped, rather than ring shaped, and has an 
aperture arc and a mask arc both with apertures generally 
parallel to the imaging plane. This is beneficial because the 
aperture arc and mask arc may both be moved longitudi 
nally, rather than rotated. This prevents the aperture arc and 
mask arc from moving beyond the ends of the arc of sensor 
and intruding into any gap between the spaced apart ends of 
the arc. This eliminates the need for flaps such as were 
illustrated earlier. Another preferred embodiment of the 
present invention is ring shaped and design for brain imag 
ing, and has angled collimator fins and apertures, such as 
were shown in the embodiment of FIG. 12. This is beneficial 
because it provides similar resolution both parallel to the 
imaging plane and perpendicular thereto. For example, the 
collimator fins and apertures may both be angled at approxi 
mately 45 degrees to the longitudinal axis. 
0229. Other variations on the disclosed preferred 
embodiments will be clear to those of skill in the art. It is the 
following claims, including all equivalents, that define the 
Scope of the present invention. 
I claim: 

1. A single photon emission computed tomography sys 
tem for producing multiple tomographic images of the type 
representing a three-dimensional distribution of a photon 
emitting radioisotope in a field of view, said system com 
prising: 

a detector assembly adjacent the field of view, said 
detector assembly including a photon-responsive detec 
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tor is operable to detect if a photon strikes the detector, 
the detector assembly operable to detect photons emit 
ted from the field of view; 

a collimating assembly including at least two spaced apart 
collimating Vanes of photon-attenuating material, each 
of the vanes being disposed between the detector 
assembly and the field of view: 

a photon-blocking member disposed between the field of 
view and the detector, the blocking member having an 
aperture defined therethrough for passage of photons 
aligned with the aperture, a line of response being 
defined from the detector assembly through the aper 
ture; 

mask disposed adjacent the detector assembly and 
between the detector assembly and the field of view, the 
mask having at least one aperture defined therethrough 
for passage of photons aligned with the aperture; and 

a displacement actuator for moving the photon-blocking 
member relative to the detector assembly such that the 
aperture is displaced relative to the detector assembly 
and the line of response is swept across at least a 
portion of the field of view. 

2. The system according to claim 1, wherein a longitudi 
nal axis is defined thru the field of view, the photon blocking 
member being a ring of photon attenuating material gener 
ally coaxial with the longitudinal axis, the photon blocking 
member generally disposed in an imaging plane, the aper 
ture defined in the photon blocking member comprising a 
plurality of spaced apart aperture slots defined thru the ring 
of photon attenuating material. 

3. The system according to claim 2, wherein each aperture 
slot is generally parallel to the longitudinal axis and per 
pendicular to the imaging plane. 

4. The system according to claim 2, wherein the photon 
blocking member is disposed between the collimating 
assembly and the field of view. 

5. The system according to claim 1, wherein a longitudi 
nal axis is defined thru the field of view, the mask being a 
ring of photon attenuating material generally coaxial with 
the longitudinal axis, the mask generally disposed in an 
imaging plane, the aperture defined in the mask comprising 
a plurality of spaced apart aperture slots defined thru the ring 
of photon attenuating material. 

6. The system according to claim 5, wherein each aperture 
slot is generally parallel to the longitudinal axis and per 
pendicular to the imaging plane. 

7. The system according to claim 1, wherein a longitudi 
nal axis is defined mm the field of view, the collimating 
Vanes each being generally ring shaped and disposed in a 
plane perpendicular to the longitudinal axis, each vane 
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having a depth extending radially from a front edge to a rear 
edge in the plane and a thickness perpendicular to the plane, 
the depth of each vane being greater than the thickness. 

8. The system according to claim 7, wherein a radiolucent 
material is disposed in the spaces between said Vanes. 

9. The system according to claim 7, wherein the colli 
mating assembly includes only vanes that are generally 
parallel to each other and generally perpendicular to the 
longitudinal axis. 

10. The system according to claim 1, wherein a longitu 
dinal axis is defined thru the field of view, the detector 
assembly being generally ring shaped and generally coaxial 
with the longitudinal axis, the detector assembly generally 
disposed in an imaging plane. 

11. The system according to claim 10, wherein the detec 
tor assembly comprises a ring of Scintillation material with 
an outwardly adjacent ring of photo detectors. 

12. The system according to claim 10, wherein the detec 
tor assembly comprises a plurality of Solid State photon 
detectors disposed generally in a Ting. 

13. The system according to claim 1, wherein the detector 
assembly, the collimating assembly, the photon-blocking 
member and the mask are each generally arcuate members 
extending between a pair of spaced apart ends. 

14. The system according to claim 1, wherein each arcuate 
member extends over an arc between 180 and 360 degrees. 

15. The system according to claim 1, wherein the photon 
blocking member and the mask are each generally flat 
members. 

16. The system according to claim 1, wherein a generally 
vertical longitudinal axis is defined thru the field of view, the 
system being generally ring shaped and generally coaxial 
with the longitudinal axis, the system disposed in a generally 
horizontal imaging plane. 

17. The system according to claim 1, wherein the colli 
mating assembly comprises a stack of alternating sheets of 
photon-blocking material and sheets of radiolucent material, 
the sheets of photon-blocking material defining the colli 
mating Vanes. 

20. The system according to claim 1, further comprising 
a chair-like base having a generally horizontal bottom por 
tion for Supporting a patient’s hips and a generally vertical 
back portion of Supporting the patient's back. 

21. The system according to claim 20, wherein the detec 
tor assembly, the collimating assembly, the photon-blocking 
member and the mask are each generally ring shaped 
members and are disposed such that the field of view is 
positioned to receive a patient's head when the patient is 
seated in the chair-like base. 


